Transaction Chopping: Algorithms and Performances Studies by Llirbat, François et al.
HAL Id: inria-00074147
https://hal.inria.fr/inria-00074147
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Transaction Chopping: Algorithms and Performances
Studies
François Llirbat, Dennis Shasha, Eric Simon, Patrick Valduriez
To cite this version:
François Llirbat, Dennis Shasha, Eric Simon, Patrick Valduriez. Transaction Chopping: Algorithms
and Performances Studies. [Research Report] RR-2531, INRIA. 1995. ￿inria-00074147￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Transaction Chopping: Algorithms and
Performances Studies
Dennis Shasha, Francois Llirbat, Eric Simon, Patrick Valduriez
N 2531
Avril 1995
PROGRAMME 1
 	
  ! "#$&%(')*+,-"#
.'/
0 1$')
24365	587:9;=<>?9!<>A@6BC	D>E5F+G?7H94I JK7LDM>ONP@!@+BQ)D7:FR;=7KSG?5,@!@BT)>ONDU7HFWVYX,>OJ:ZP[	DU7K36\@]@
^A_]`EaE_b6cRcdegfih,_j]k?lnm!dojUm!p=_!doqsrPb6_butvtxwdUtydoqWzP{PbEq|doq}?d}?`E~=~)ddoqz?_=doq|dob6p?
dm,q|qmowdcdoq)}OlKqm!_ln{=p)doq
^A_!`Odm)`=}Oln~
br=rP`E_!m}?d_!doj!k=d_Uj!k=d~EO=efih_lteoEEfirPb6aEdoq
 o+P6E k=`Er=r?ln~=am!_b~Pq!bEjUmln`E~Pq¡ln~?m!`r?lndojUdoqlKqAaE`?`}¢H`E_Ar£d_¢:`E_!c¤b6~PjUds{=p=m c¤b+tndobE}
m!`R~=`E~=¥xqd_lKb+tln¦ob6{?tnd¤dU=dojUp=mln`E~Pq§)¨b6~?¤_!doq|dob6_j]k=d_q)kPb+Ed_]dobEjUm!do}m!`m]k?l©qª¢xbEjUm{?¤dUlnm!k=d_
ln~?Ed~m|ly~=a~=d«jU`E~PjUp=_!_]d~PjU(jU`E~?m!_!`6t cdoj]kPb6~?lKqc¤qWz«)dob6¬Od~?ly~=a­qd_|l©butvln¦ob6{?ltlnmEz `E_4{P`Em]k§
®­dbE}?`Er=mb}Ol¯d_!d~?mgb6r=r=_]`bEj]k§
®­dbEq!qp=cRdbpPqd_«k=`
° kPbEqbEjjUdoq!q`O~?tym!`pPqd_!¥LtndEdUt)m!`?`6tKqqpPj!k±bEq²³lH´,j]k=`?`qµln~=aY{£dm«)dd~­}?daE_!ddb6~P}
}?daE_!dd­¶l©q|`6tKb6mln`E~·tndEdUtKq²}?daE_!dd­­jU`E_]_!doqrP`O~P}=qm!`­tndEdUte¸ly~¹m!k=d~=d«ºhg»¼E½
¼=¾,¿Àm!d_]cln~=`6tn`EaE£´²:llH´m!k=db6{?ltlymm!`dU=dojUp=m!d¤br£`E_!mln`E~`6¢bm!_Ub6~Pq!bEjUmln`E~pPqµln~=a
cp?tym|lyOd_qµln`E~_!dobE}jU`E~PqµlKqm]d~PjUEzb6~P}²:lll:´,m!k=db6{?ltlymm!`_!d`E_}?d_m!k=dly~Pq|m!_!pPjUmln`E~Pq
ln~Ym!_b~Pq!bEjUmln`E~r=_!`OaE_b6c¤qWÁb6~P}
° ¬~=`6«,q4m!k=dYq|dm`¢,m!_b6~Pq]bEjUmln`E~Pq4m!kPb6mc¤b+_!p=~Â}?p=_ln~=a(b­jUd_]mb+ln~±ln~m!d_]ub+t²xpPqd_Uq
b6_!d4tln¬EdUtn­m!`kPb+EdqpPj]kÃ¬?~=`6«)tndo}?aEd¢:`E_`E~?tln~=d¤`O__!dob+tn¥:mlncdm!_Ub6~Pq!bEjUmln`E~Pbutb6r=r?tln¥
jb6mln`E~PqU´U§
ÄÅ	ÆUÇoÈxÉ]ÊËÌLÊoÍ:ËLÎÏË:Ç+Ë:ÐÑÒ¡ÐÓÔPÆUÈ:Õ,Ö¡ÊÎÏ×UÐÈ:ÍLÎÏËLØUÑEÍ:ÙuÉ]Í:ÙuÉUÚAÛoÜ¡Ý-Û+ÜÝ.Þ Å¡Û6Þ Ò¡ÔAÖAÞàßPá Ö
ÄxÄ!â!ã+ÈxÉ!Ê+äÆ]ÎÏÍÞ åæàÎÏÈ:çuÉ]ËèUâ|ßéÈLÎväUÞ ÛêÎvë)ÆÊOèâì=É]Ë:ÈLÎÏäxÕOÞ í	ÉæÏî+ÇoÈLÎvÐïUè!Ú¡ÎvÊoÈLÎnÉÞ ðnÈ
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
Téléphone : (33 1) 39 63 55 11 −− Télécopie : (33 1) 39 63 53 30
  
	
 !#"%$&'(*)+%,%-./10
2 lnEd~Àm!k?lKqly~?¢:`E_!cb6mln`E~z.`Ep=_¤b+tnaE`E_|lym]k=c43P~P}=qm]k=d53P~=doqmrPb6_!m|lym|ly`O~?ly~=a±`6¢bqdm`6¢
m!_Ub6~Pq!bEjUmln`E~Pq56¡_b6~	¼Edm«)lnm!k¹m!k=d¢:`6ttn`u«ªly~=a·r=_!`Er£d_!m 78 9:/5;&%<=="%$+/,>=?%$&	%@A="%$B	
/1CD/@A-.=/E	/A%F0G.HIJ/A$LK+?%$B /I(/C
/<@I-=/1	M	G/I<%F0G1HNO6)k?lKq4rPd_!clymUqpPqd_q4m!``E{=¥
mbuly~ c`E_!djU`E~PjUp=_!_!d~PjU«k?ltndr=_!doqd_]Eln~=aÃjU`O_!_!dojUm!~=doq!qW§QP.doqµlK}?doq`E{=mbuly~?ln~=ac`E_!dly~?m!d_!¥
m!_Ub6~Pq!bEjUmln`E~jU`O~PjUp=_!_!d~PjUEzEj]k=`Er=r?ln~=a,m!_Ub6~Pq!bEjUmln`E~Pq8ly~4m!k?lKq	«b+,jb6~d~=kPb~PjUdAln~m]_b6¥:m!_b~Pq!bEjUmln`E~
rPb6_Ub+ttydUtlKqcY§
6)k=dYb+tnaE`E_lnm!k=c l©qly~=dU=rPd~PqlyOdEz_!p=~=~?ln~=a ly~SR²UT>V ²UWYX[Z´!´mlncdEz.`E~PjUdYjU`E~.\=lKjUmq
b6_]dlK}?d~?ml3Pdo}	z pPqµln~=a­b~PbulyOdlncr?tndcd~?mb6mln`E~À«sk=d_!d]T lKq4m!k=d~p=c{£d_`¢sjU`O~PjUp=_!_!d~?m
m!_Ub6~Pq!bEjUmln`E~Pq¡ln~m!k=d)ln~?m!d_!ubut³z.W)lKqm!k=d~?p=c{£d_ `6¢	do}?aEdoq ln~m]k=d,jU`E~.\=lKjUm)aE_b6r=kb6c`O~=am!k=d
m!_Ub6~Pq!bEjUmln`E~PqWzb6~P}:Z lKqm]k=dc¤b+?lncp=c ~?p=c{Pd_4`6¢ªbEjjUdoq]qdoq`6¢b6~?Ãm]_b6~Pq!bEjUm|ly`O~§^6)k?lKq
c¤b¬Edoq.lnm)¢:dobEqµln{?tndm]`¤bE}=}bEqbm!p=~?ln~=a¤¬?~=`E{m!`_]dob+tqq|m!dc¤q§ @!@!@±@!@!@!@
_a`bdc?e#f8
g E8hb6mb6{PbEq|d¼E=qm!dc¤qWz+6_Ub6~Pq!bEjUmln`E~Pqs^ d_¢H`O_!c¤b6~PjUdEz£ `E~PjUp=_]_!d~PjU `E~?m!_!`6tx§
ikj#lm?n?oAp lmqrsnUtuAv
ÄµÄxÄxwÙWÎÏÍ	Ó8ÆUÈ:ÕÓÉ]Í8Í:ÇIyAy6ÆUÈ:Ë:ÐîçØ,ÖÞ ÛÞ1z{äÐ Æ!ðPÒÉ|×Éæ&|	ÐÍ:Ð|É]È:äxÙQ})Ò~<~~1Uk1xx?U<WÑuÉ]ÊoîY})Ò~~<~1?
??x1ÑEÖAÞàÛ6ÞEÒÉ]ËLÎÏÆUÊuÉ|æéÛWäxÎÏÐÊ+äÐã+ÆUÇoÊoî6É!ËLÎÏÆUÊQUÈxÉ]ÊË:Í}.Ì=|	Ì=<k~1<)É]ÊoîQ})ÅÅd| k~<<WÞ
ÄxÄµÄxÄ Ý:yoÈ:ÐµæàÎÏë.ÎÏÊuÉ]È:Ø×ÐÈ:ÍLÎÏÆUÊÆ!ð	Ë:ÙÎÏÍyuÉy6ÐÈ ÉyIyuÐ!É]È:ÐîÎÏÊË:Ù+Ðy+È:ÆäÐÐîÎÏÊIÍ)Æ]ð8Ë:Ù+Ð ÝÅd ÛÌ=YzAá­ÌLÊË:ÐÈ
Ê6É!ËLÎÏÆUÊuÉ|æ-Å	ÆUÊðnÐÈ:ÐÊoäÐÙoÐµæÏîÎÏÊÛoÉ]ÊHá ÎÏÐ?Æ+ÑÉ|ØM<ÇoÊ+îoÐÈ Ë:Ù+ÐËLÎÏËLæÏÐµÛUÎÏëyWæÏÐQ|É!ËLÎÏÆUÊuÉ|æ ÇÎÏî6É!Ê+äÐðnÆUÈ
Å	Ù+Æ<yIyÎÏÊIgÖyJw=ÈxÉ]ÊoÍxÉ]äËLÎÏÆÊ+ÍÞ 
Ì:Ò| ÌKÝ
  '/
.1' $'g	
A ¹, ! " '/ '  '. 1$'º$'
'/¡*o "#
.')
`	`  hYdojU`Ep=r£d_}?doqm!_Ub6~Pq!bEjUmln`E~Pqd~Àm!_b6~Pq!bOjUmln`E~Pqr?tnpPqr£dmlnm!doqb6cÀdUtln`E_!dtndoq
r£d_¢H`O_!c¤b6~PjUdoq¡c¤b+lKq¡rPdp=mAcd~=d_wb,}?doq¡dU/dojUp=mln`E~Pq¡~=`E~q?d_lKb+tlKq!b6{?tndoq§
£bEjUdgwbjUd.r=_!`E{?txwdcRdEz
tKbr?tnp=rPb6_!m}?doqj!k=d_Uj!k=dp=_qª`E~m)dU=r?tn`E_=d}?dp?m?rPdoq)}?dq`typ=m|ly`O~PqY7Oly~?Ed~?m!d_p=~~=`Ep=Odob6p
cÀdojb6~?lKqcd)}?dªjU`O~m!_`6tnd/}?djU`E~PjUp=_!_!d~PjUd)`Ep4_!dUtbEj]k=d_ t©bjU`E~?m!_b+ln~?m!d/}?dq?d_lKb+tlKq!b6mln`E~§6»`OpPq
r=_!`OrP`q`O~Pq)p=~=db6r=r=_]`j]k=d}Ol¯gd_!d~?m!dE§
»s`EpPqqp=r=rP`q|`E~Pq)p=~Yp=m|lvtlKq!b6m]dp=_Op?l7
° }OlKqrP`q|d¤p=~?lOp=dcd~m}à`Ep=mltKq}?d¤~?lnEdob6p±p=mltlKq!b6m!dp=_m!dUtKqEp=d:7A²³lH´4 k=`6lKqµln_d~m]_!d
tnd(}?daE_=d¶ dmtnd(}?daE_=d¶·} lKq`6tKb6mln`E~§²:ll:´Y k=`6lKqµln_}àdU/dojUp=m!d_p=~=d±rP`E_!m|ly`O~ }?d
m!_b6~Pq]bEjUmln`E~±d~(cp?tnmlnEd_qµln`E~§ª²:llvl:´.kPb6~=aEd_4tà`E_}?_!d}àdU/dojUp=mln`E~À}?doq4`Er)d_Ub6mln`E~Pq
}?dq!b4m!_Ub6~Pq!bEjUmln`E~§
° jU`E~=~Pb+lnmtàd~Pqdc{?tnd }?doqm]_b6~Pq!bEjUm|ly`O~Pq,jU`E~PjUp=_]_!d~m]doqOp?l-r£dp=Ed~mqàdU/dojUp=m!d_rPd~=¥
}=b6~?mp=~ln~?m!d_!ubutvtnd}?`E~=~)dE§	²! doj]ldoq|md~aAd~)d_b+t	_bulrP`Ep=_ªtydoqb6r=r?tlKjb6mln`E~Pqm!_Ub6~=¥
q!bEjUmln`E~=~=dUttndoqm!dcrPqª_ddUt`EpdU/dojUp=mb~m}?doqsm!_b6~Pq!bOjUmln`E~Pq)d~mbEj]k=doq}?d¢H`E~P}	§y´
hrPb6_!mln_}?dYjUdoqln~?¢:`E_!c¤bmln`E~Pqz~=`Om!_!db+tnaE`E_lnm!k=cdm!_!`Op=EdtndY} dojU`Ep=rPbaEdtndr?tnpPqY3P~
}?dtàd~Pqdc{?tnd}?doq)m!_Ub6~Pq!bEjUmln`E~Pq6_Ub6~	¼EdmEp?l d_l3Pdst©b4r=_!`Or=_lêdm=d,qp?lnub6~?m!d#7  /1	J=?%$
	%@A="%$B	J,/@<"%-1;//	*	 /C/<@I-=/I$+,%/9 @"%$5	!/A%F	G./Y%"%	 K+?%$B /A	 /C/<@I-=/Y,%/ 9G @<"%$
	!/A F	/o§é doj]lrPd_!cRdmwbt" p=mltvlKq!bm!dp=_}Ïb6cÀdUtly`O_!d_AtKbjU`E~PjUp=_]_!d~PjUdd~?m!_!dstndoq)m!_b6~Pq]bEjU¥
mln`E~Pq4m!`Op=md~(ab_b6~?mlKq!q!b6~?mp=~=d¤dU)dojUp=m|ly`O~(jU`E_!_!dojUm]dE§hdr?tnpPqzAjUdmbutyaO`E_lnm!k=cdrPd_!cRdm
}Ïbc dUtln`E_!d_4tndrPb6_b+ttdUtlKqcdd~?m!_!dRtndoqr?l³wdojUdoqr=_]`uOd~Pb6~m}àp=~=dc#dcdm!_b~Pq!bEjUmln`E~(}.d¥
jU`Ep=r)ddE§
¿$Ïb+tnaE`E_|lym]k=cddoqm)rPdpjU`p=m!dp?§	¼bjU`Ecr?tndU?lnmddoqm}?d#R²UTOV²UWX Z´!´Ap=~=d¢:`6lKq%Ep=d
tndoq jU`O~.\=lymUq q`E~?m¡l©}?d~?ml3doqdmAd~p=mltvlKq!b~m.p=~=d)lncr?têdcd~?mb6mln`E~~Pb+lnEd)`wpMWsdoqm¡tyds~=`Ec{=_!d
}Ïb_jq)}?dgjU`E~.\=lnm)d~?m!_!dstydoqªm!_b6~Pq!bOjUmln`E~Pqz%Tdoq|m tnd~=`Ec{=_!d}?d,m!_Ub6~Pq!bEjUmln`E~Pq)jU`E~PjUp=_]_!d~m]doq
}=b6~Pq-t ln~m!d_]ub+ttnd}?`E~=~)dsdmZ doqmAtnd~=`Oc{=_]dc¤b+?lnc¤b+t8}ÏbEjj£doqwbtKb{PbOqd,}?d,}?`E~=~)ddrP`Op=_
tKbr?tnpPqstn`E~=aEp=d}?doqm]_b6~Pq!bEjUm|ly`O~Pq,jU`E~PjUp=_]_!d~m]doq§PhpPq!qµlAdoqm!¥LltAd~OlKq!b6aEdob{?tyd}àp=m|lvtlKqd_jUdm
b+tnaE`O_lnm!k=cdq|p=_,}?doqq=qmowdcdoq._ddUtKq)r£`Ep=_,_=da6tnd_.tndoqr£d_¢H`O_!c¤b6~PjUdoq)m]_b6~Pq!bEjUm|ly`O~=~=dUtvtndoq§
&Lf£oc!'(`Â P)bEqdoq}?d}?`E~=~)ddoqz=r£d_¢H`O_!c¤b6~PjUdoq)m]_b6~Pq!bEjUm|ly`O~=~=dUtvtndoqzjU`O~m!_`6tnd}?djU`E~PjUp=_!¥
_!d~PjUdE§
  
	
 !#"%$&'(*)+%,%-./10
   s ) 
6)k=d)}=b6mb6{PbOqd_]doqdob6_j]ktlym]d_b6m!p=_!d.kPbEq	c¤b~dUéjUdUttnd~?mAr=_!`ErP`?q!b+tKq}?doq!jU_ln{?ln~=a~=d«(jU`E~PjUp=_]¥
_!d~PjUjU`E~?m!_!`6tcRdm!k=`}=qW§ 6)k=dr=_!`OrP`q!but©q²q`Ocd`6¢ «sk?l©j]k­b6_!d}?doq!jU_ln{Pdo}ln~m!k=d)dUtKb6m!do}
®­`O_!¬ÃqdojUm|ly`O~Ã`¢/m!k?lKqrPbrPd_b6~P}`Em!k=d_Uqj]lym]do}ln~­m!k=d{P`?`E¬Ï	:´b+lnc m!`k=dUtnr(}=b6mb6{PbOqd
c¤b~Pb6aEdcd~?m-q|qm]dc }?doqµlnaE~=d_q m!`{=p?ltK}{Pdm!m]d_-jU`E~PjUp=_]_!d~PjUjU`E~?m!_!`6tcRdm!k=`}=q ln~m]`,m!k=dUln_
q=qm!dcq§
s`6«)dEd_oz=m!k=d4¢xbEjUm_!dc¤b+ln~Pqm!kPb6mm!k=d4ubEqmcb6`E_lnm¤`6¢/jU`Occd_j]lKb+t }=b6mb6{PbOqd
q=qm!dcqpPqd4m«/`r=kPbEq|dtn`j]¬Oly~=am]`d~?¢H`O_jUd}?daE_]dd4lKq`6tKb6m|ly`O~(²³l³§ dE§Pqd_lKb+tln¦ob6{?ltlKmP´b6~P}
tndoq!q4_!doqm]_lKjUmlnEdtn`j]¬Oly~=acdm]k=`}=qm!`Yd~?¢:`E_jUd¤}?daO_!dd¤lKq`t©bmln`E~À²:lx§àdE§¡«_lnm!dtn`=j!¬=q`E{£d
m«)`r=kPbEqdtn`=j!¬Oln~=aPÁ£_!dobE}Rtn`j]¬=q,b6_]d,_!dUtndobEq|do}lnccRdo}Ol©bm!dUtnYb+¢Hm]d__!dobE}jU`EcRr?tydm]doq)fim!k?lKq
lKqRk=`u« Ed~P}?`O_q4lncr?tndcd~?m¤h»¼E½4tndEdUteqd_lKb+tln¦ob6{?ltvlnm£´§¼E`Ecd`Em]k=d_q|qm]dc¤q`6¯d_
cp?tnmlnEd_qµln`E~ _!dobE}jU`E~PqµlKqm!d~PjUE§ ¼E`£z£lymlKq`6¢/qlyaO~?l 38jb~m4r=_bEjUmlKjb+tAln~?m!d_!doqmm!`53P~P}«bo=q
m!`R_!do}?pPjUdjU`E~PjUp=_]_!d~mjU`E~m]d~mln`E~alyOd~pPqmm!k=`q|dcdoj!kPb~?l©q|c¤q§
^ d_¢H`O_!c¤b6~PjUdjU`E~Pqp?tnmb~mqAb~P}m!p=~?ln~=aaEp?lK}?doq qp=aEaOdoqm bqµlncr?tnd«bo7+¼Ek=`E_!m!d~m!_Ub6~=¥
q!bOjUmln`E~Pq`E_pPqd4tydoq]q_!doqm!_lKjUmlnEd4tn`=j!¬Oln~=aYcdm!k=`=}=qs«k=d~=dEd_E`Epjb6~§ ¼Ed_lKb+tln¦ob6{?ltlymlKq
b6~`6Ed_tn¤jU`E~Pqd_]ub6mlnEdjU`E~Pqm!_Ub+ln~m)ln~b6~jbEqdE§
hb6mb6{PbEq|dbO}?cln~?l©q|m!_b6m!`O_qb6~P}pPqd_Uq¢:`6tty`6«m!k?lKqbO}?ElKjUdE§6ªk=dm!_!`Ep={?tndlKq4m!kPb6mr=_]`E¥
{?tndc¤qjb6~¹m!k=d~ jU_!`ErÂp=r¹c=qm!d_ln`EpPqµtn ly~?m!`Âb6r=r?tlKjb6mln`E~Pq¸r=_!dOly`OpPqµtn m]k=`Ep=aEk?m¤m!`±{Pd
jU`E_]_!dojUmo§
 ! #"	$ #%'&)(+*, .-0/1	243
¼Ep=r=r£`qd­m!kPbmYb6~ b6r=r?tl©jbmln`E~ r=_!`EaO_b6cYz.~Pb6cdo} ; -.?@
	/oz)r=_]`jUdoq!q|doqb±r=p=_j!kPbOqd{
bE}=}Oln~=aÀm!k=dub+tnp=d`6¢m!k=dlnm!dc m]`ln~Ed~?m!`E_] b6~P}·qp={=m!_bOjUmln~=a(m!k=dc`E~=dÀrPb+lK} ¢:_!`Ec
jbEq|k§6ªk=dYb6r=r?tl©jbmln`E~ qr£doj]l38jb6mln`E~Â_]d Ep?ln_!doqm]kPb6mjbEq|kÀ~=dEd_{Pdc¤bE}?d~=dab6m|lyOdEz-q|`
m!k=dRm!_b6~Pq!bOjUmln`E~«)ltvt)_!`6tt/{PbOj!¬ ²:lx§àdE§nz	p=~P}?`lnmqdU¯dojUmqU´)l¢,qp={=m!_bEjUm|ly~=am]k=dc`E~=d¢:_!`Ec
jbEq|kY«)lttjbpPqdm!k=djbEqk{Pb+tKb6~PjUdm]`{£dojU`Ecd4~=dab6mlnEdE§
6`)lncr=_]`uOdArPd_¢:`E_!c¤b~PjUdEzm!k=d b6r=r?tlKjb6mln`E~}?doqµlnaE~=d_q }OlnElK}?d)m!k=dAm«)`qm!drPq	`6¢57698.:<;9=?>IW6²A@CB'5	´
f&r=p=_j!kPbOqdlnm!dcD@-¢H`O_/r=_|l©jUdE5f ln~?m!`m«)`m!_b6~Pq!bOjUmln`E~Pq§
6e%7.l¢²F5HG jbEqk	´.m!k=d~_!`6ttn{PbEj]¬dUt©q|dln~Od~m!`O_!@I7!J¹ln~Od~m!`O_!@IXK5
6s&7jbEqk 7!J jbOqkMLN5Á
6)k=d(3P~P}m!kPb6mm]k=d jbEqkY3PdUtK}`jjbEqly`O~Pb+tty4{Pdojb6cRd ~=dab6m|lyOdE§6 `E~PqµlK}?d_ m!k=d ¢:`6tty`6«)ln~=a
q!jUd~Pb_ln`P§+6)k=d_!dlKqO?e#PPln~YjbEqkYb+ub+ltKb6{?tnd«k=d~Yb3P_qm,br=r?tvlKjb6m|ly`O~Yr=_!`EaO_b6c {Pda6ln~Pqsm!`
dU=dojUp=m!dE§(6)k=dlnm!dc m!`±{Pdr=p=_j]kPbEqdo} jU`?qmq0OQu=§)¼E`£z m!k=dO3P_q|m¤m!_Ub6~Pq!bEjUmln`E~¹jU`EcclnmqW§
6)k=d~Àq`EcRd`Em!k=d_4dUdojUp=mln`E~±`6¢m!k?lKqbr=r?tvlKjb6m|ly`O~Àr=_!`EaE_bc jb6pPqdoqROuPm!`{Pd_]dc`6Edo}
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 
¢:_!`EcjbEqk§O®¹k=d~¤m!k=d 3P_qm)dU=dojUp=mln`E~`6¢m]k=d,r=_!`OaE_b6c jU`EcRclnmqlymUq/q|dojU`E~P}m!_b6~Pq]bEjUmln`E~z
jbEq|kY«)ltt-{£dln~Ã}?d38j]lnm{ OuEé§
  .- & $,   #"#$ #% &)(F*, .-0/ #243
¼E`Pz}OlnElK}Oln~=a­m!k=db6r=r?tlKjb6mln`E~ ln~m!`m«/`m!_b~Pq!bEjUmln`E~Pqjb6~_!doq|p?tymln~(b6~ln~PjU`E~PqµlKqm]d~m
}=b6mUb6{PbEqdqmUb6m!dE§R~PjUdqdd~zPm]k=dr=_!`E{?tndclKqs`E{?Eln`EpPqzém!k=`Ep=aEk~=`¤b6c`Ep=~?m`6¢ qd Op=d~m|l©but
m!doq|mln~=a«/`Op?t©}kPb+Ed4_!dEdob+tndo}¸lnmo§¨`qm,jU`E~PjUp=_]_!d~mm]doqmln~=a¤«)`Ep?tK}~=`EmkPb+Ed_!dOdob+tndo}lnm
dUlnm!k=d_ozEqly~PjUdsm!k=d r=_!`O{?tydc `=jjUp=_q _b_!dUtnE§?¼Emltvtxz6m!k?lKqAjU`EcRdoqAbEq~=`qp=_!r=_|l©q|d/m]`gjU`E~PjUp=_]_!d~PjU
jU`E~?m!_!`t b
	 j]ln`E~PbO}?`q§Eh tvlnm!m|tydqp=_!r=_lKqµln~=alKq.k=`6« qµtlnaEk?mtn¤m]k=d,dUPb6cr?tndcpPqm {£dj!kPb~=aEdo}
m!`Rc¤b6¬EddEd_]m!k?ln~=a«)`E_]¬«)dUtvtx§
   $(  #% & ! #"#$ 	%'&)(F* $- / 	2 3
¼Ep=r=r£`qd­m!kPbm«)dY_!dob6_]_b6~=aEdm!k=dr=p=_j]kPbEqdb6r=r?tlKjb6mln`E~ m!`±j!k=doj]¬Âm!k=djbEqk tydOdUtb6~P}
}?dojU_!dcRd~m¡lnmln~m]k=d3P_qmqm]drlv¢Pm]k=d }?dojU_!dcd~?m«)`E~ àm	c¤b¬Ed lnmaE`~=dabmlnEdE§½x~4m!k=d qdojU`E~P}
qm]drz=«)dbE}=}m!k=d6b+tnp=d`6¢Am!k=dlnm!dcºm!`4ln~Ed~?m!`E_]E§=®­dc¤b6¬OddobEj!kYq|m!drÃb4m!_b~Pq!bEjUmln`E~d7
6e%7.l¢²F5HG jbEqk	´.m!k=d~_!`6ttn{PbEj]¬dUt©q|djbEqk87!J jbEqk LN5¡Á
6s&7.ln~Ed~?m!`E_] @ 7!J¹ln~Ed~?m!`E_] @ X 5Á
,qµln~=am!k?lKqq]j!k=dcdEz6jbEqk4«)ltt~=dEd_ {PdojU`Ocd ~=dabmlnEd/b6~P}b~dU=dojUp=mln`E~`¢Pr=p=_j!kPbOqd
b6r=r?tlKjb6mln`E~Pqs«)lttb6r=rPdob6_)m!`4dUdojUp=m]dgbEq-l¢dobEj]k¤r=p=_j]kPbEqdm!_b~Pq!bEjUmln`E~dU=dojUp=m!do}qd_|l©butvtnE§
 ` PQf 
`= b ` ¡ '"A`=4g &!"c$#4=o%& A¼Ep=r=r£`qdbq|qm]dc
¢xb+ltnp=_!d,`=jjUp=_qAb+¢:m!d_ m!k=d3P_qmAm!_Ub6~Pq!bEjUmln`E~{=p=mA{£dU¢H`E_]d/m]k=dªq|dojU`E~P}m!_b~Pq!bEjUmln`E~jU`Ecr?tndm!doqW§
6)k=d_!dojU`6Ed_] qp={Pq|qm]dc «)ltt kPb+Ed~=`«ªb+m!`¬~=`6« m!kPbmlnmcpPq|m,dU=dojUp=m!dm]k=dqdojU`E~P}
m!_Ub6~Pq!bEjUmln`E~§6`¤q|`6tnEdm!k?lKqr=_]`E{?tndcYzPm]k=db6r=r?tl©jbmln`E~cpPq|m/_]dojU`E_}lnmqªr=_!`EaE_!doq]q.ln~YdobEj]k
ln~?Ed~m]`E_!?¥xjbEqkm]_b6~Pq!bEjUm|ly`O~b6~P}m!k=d~jU`Ecr?tndm!d)m!k=dAm!_Ub6~Pq!bEjUmln`E~¢H_]`Ec·lymUq_!dojU`O_}?do}r£`6ln~m
p=r£`E~_!dojU`6Ed_!E§&6)k?lKq)lK}?doblKq_!dcly~?lKq!jUd~?m`6¢Am!k=dM!#$ =@$m!doj!k=~?lOp=d4ly~¸ln~P}?pPqm!_lKb+t
m!_Ub6~Pq!bEjUmln`E~Àr=_]`jUdoq!qly~=a Ï	x§!
é`E_dUébcr?tndEz qp=r=rP`?qdYm!kPbm¤b{Pb6mj]kÀm!_b6~Pq!bOjUmln`E~Â}?`doqRb
qd Op=d~?mlKb+tq!jb6~¤b6~P}Rp=r8}=bm!d,`¢e	PPclttln`E~_!dojU`E_}=q)b6~P}dUdojUp=m!doqln~lKq`6tKb6mln`E~§ 
=`E_.rPd_!¥
¢:`E_!c¤b~PjUd,b6~P}_!dojU`6Ed_Ub6{?ltvlnm_!dobOq`E~Pqz+lnm cbo{£d,baE`?`=}4lK}?dobm]`}?dojU`EcrP`?qd,m]kPb6mA{Pb6mj]k
m!_Ub6~Pq!bEjUmln`E~¸ln~m!`qd Op=d~m|l©but Ucln~?ln¥:{Pb6mj]k7m!_b6~Pq!bOjUmln`E~PqdobOj!k`6¢ «k?lKj!kp=r	}=b6m!doqe4clty¥
tln`E~_!dojU`E_}=qAb6~P}«_lnm!doqAm]k=d/~?p=c{Pd_.`6¢8clttln`E~Pq)p=r8}=bm!do}	§&R~_]dojU`uOd_!Ez6m!k=db6r=r?tlKjb6mln`E~
_!dobO}=q)m!k=dtKbEq|mub+tnp=d4`6¢-m]k=d~p=c{Pd_`6¢Aclttvln`E~Pqp=r	}=b6m!do}b6~P}jU`E~?mln~p=doqª¢H_]`Ecm!k=d_!dE§
½x~ m!k=dln~?Ed~m]`E_!?¥xjbEqk q!jUd~Pb6_ln`Pzs«)d¶}?`Âq|`Ecdm!k?ln~=aÂb6~Pb+tn`EaO`EpPq7)dobEj]k¹m!_b6~Pq!bOjUmln`E~
r?lndojUd«_lnm!doq.ln~?m!`¤bq|rPdoj]lKb+tAmb6{?tndm!k=dlnm!dc @!z?r=_lKjUd 5z£b6~P}r?lndojUd~?p=c{Pd_o§£)dojU`6Ed_!_!d¥
Op?ln_!doqA_!ddU=dojUp=mln~=am]k=dªq|dojU`E~P}r?lndojUdoqA`6¢£ln~Ed~?m!`E_]m!_b~Pq!bEjUmln`E~Pq¡«k=`qd3P_q|mAr?lydojUdoqkPb+Ed
3P~?lKqk=do}	§£½x~aEd~=d_b+txz?`E~=dcpPqm «_|lym]d,d~=`Ep=aOkln~?¢:`E_!c¤b6m|ly`O~¤m!`jU`Ecr?tndm!dm!k=dm!_b6~Pq!bOjUmln`E~
|d|ºÊ('A
  
	
 !#"%$&'(*)+%,%-./10
ln~m!k=dgjbOqd`6¢£¢³b+ltnp=_!dE§=¨¸ln~?ly¥:{Pbmj!k?ln~=a«ªlvtt{Pd_!d Op?ln_!do}¤b~mlncd,bm!_b6~Pq]bEjUmln`E~¤j]k=`Er=rPdo}
ln~?m!` r?lndojUdoqkPbEq«s_lnm!doqln~­`E~=d`6¢)m!k=d 3P_qm RL er?lndojUdoq§6)k=d¤b+tnd_!m_]dobE}?d_c¤b+~=`6«
«)`E~P}?d_4«k=dm!k=d_m!k?lKqq|rPdoj]lKb+tmb6{?tnd«)lttª{£d¤bjU`E~PjUp=_!_]d~PjUÃ{£`Em!mtnd~=doj]¬8§6`Yb+E`l©}¶m!kPb6m
r=_!`O{?tydczP«)djb6~YjU_!dobm!dqdEd_but¡q|rPdoj]lKb+tAmb6{?tndoqz£rP`q!qly{?tn`E~=d4rPd_pPq|d_
  .- & $, 
Rp=_AaE`b+t?lKq m!`k=dUtnrr=_bEjUmlnmln`E~=d_UqAqk=`E_!m!d~4tn`=j!¬4mlncdoqA{?j]k=`Er=r?ln~=am!_b6~Pq]bEjUmln`E~Pq¡ln~m]`
qcb+ttyd_r?lndojUdoqzbutvt «)lnm!k=`Ep=mq!bEjU_l38j]ln~=aYqd_lKb+tln¦ob6{?ltlKmE§
=`O_m!k=dr=p=_]rP`qdoqs`6¢ m!k?lKqsrPb6rPd_+z
«)d}?`~=`Em)~=`Em.r=_!`ErP`?qdgb~=d« jU`E~PjUp=_!_!d~PjUjU`E~?m!_!`6t8b+tnaE`O_lnm!k=cYzE{£dojb6pPqd«)d,bEq]qp=cdm!k=d
pPqd_.lKq.m!p=~?ln~=a`E~m]`Er¤`¢¡br=p=_j]kPbEqdo}}=b6mb{PbEqdc¤b~Pb6aEdcd~?m/q=qm!dc ²xm!k?lKq)bEq!qp=cRr=mln`E~
c¤b+{Pd_!dUtKb+do}Ãly~ ¢:p=m!p=_!d«)`E_!¬£´§P® d¤}?`Pz	k=`6«)dEd_ozbEq!q|p=cdm!kPb6mm!k=dpPq|d_¬?~=`u«qm!k=d
qdm`6¢m!_b6~Pq!bOjUmln`E~Pq4m!kPb6mcbo _!p=~ }?p=_|ly~=a±bÃjUd_]mb+ln~±ln~m!d_]ub+t`6¢,m|lycRdE§6ªk=d¤pPqd_Rc¤b+
b+tKq`±j!k=`?`qd{£dm«)dd~¹}?daE_!ddY­b6~P}À}?daO_!ddY­qd_lKb+tln¦ob6{?ltlnmE§)® dÃjU`E~PqµlK}?d_m]k?l©qRm!`{Pd
b6~ lncrP`O_!mb6~?mr£`6ln~mb6{£`Ep=mm!p=~?ln~=aÃ_]doqdob6_j]k bOqjU`E~?m!_bEq|m!do}«)lnm!k j]tKbEq]qµlKjb+t,_!doqdob_j!k¶ly~
}=b6mUb6{PbEqd¸ly~?m!d_!~Pbut©q17MKd./ =-.$+/I @%$+$"%Y@.%$/ /O	GHI	=/A!M(-#@%$ -%	/OF	 "%a/A
 $+"	/<,
%/M="E@1%$/#/
H %$ ;%; @<%="%$:-$B	^"%$:/ 	GHI	=/A! 1H ?/<=$ 5%$,
1H %,G-	G=$5 9G/ @A=@< =-.$+$  $+"G	1 Ï	
¼Ep=_!r=_lKqµln~=a6tnEz m]k=d¤_!doq|p?tymUqb6_!d Ep?lnm!dYq|m!_!`E~=ab6~P}ÀjU`EcrPb6_]d¢³b+E`O_b6{?tn­«)lnm!kÀq`Ecd`6¢
m!k=d­qdcb6~m|l©jjU`E~PjUp=_]_!d~PjU jU`E~?m!_!`t,cdm!k=`=}=qr=_!`Er£`qdo}·dUtKqd«k=d_!dE§(6)k=d­b+tnaE`O_lnm!k=c lKq
d 	 j]lnd~?mo§ 2 lnEd~ jU`O~.\=l©jUmln~?¢H`E_]c¤b6mln`E~zOm!k=d,b+tnaE`E_|lym]k=c _!p=~Pq ln~OR²UT V²UWX Z´!´ mlncdpPqµln~=a
b~PbulyOdlncr?tndcd~?mb6mln`E~·«k=d_!d T lKqRm!k=d~p=c{£d_`6¢jU`E~PjUp=_!_!d~?mm!_b~Pq!bEjUmln`E~Pq4ln~·m!k=d
ln~?m!d_!ubut³zWslKqm]k=d,~?p=c{Pd_`6¢ do}?aEdoq.ln~Ym!k=djU`O~.\=l©jUmsaE_b6r=kb6c`E~=am!k=dm]_b6~Pq!bEjUm|ly`O~Pqz=b6~P}
Z lKqsm!k=dc¤b+?lncp=cº~?p=c{£d_`6¢ bEjjUdoq!qdoqª`6¢b~m!_b6~Pq]bEjUmln`E~§
  	¡1"# 
6¡`pPqd4m!k?lKq)m!doj]k=~?l Op=dEz	m!k=d}=b6mUb6{PbEqdpPqd_scpPq|mkPb+EdgjUd_]mb+ln~Y¬?~=`6«)tndo}?aEdE§
° 6)k=d}=b6mb{PbEqd,q=qm!dc pPqd_²xk=d_!dEz?m!kPb6m.cdob6~Pqb6~bE}?cln~?lKqm!_Ub6m!`E_)`E_bq`Er=k?lKqmlKjb6¥
m!do}b6r=r?tl©jbmln`E~Ã}?dEdUtn`Er£d_´ jb6~Yj]kPb6_bEjUm!d_|ly¦db+ttm!k=dm!_b6~Pq!bOjUmln`E~r=_!`EaO_b6c¤qªm!kPb6m
c¤b+¤_]p=~ly~q`Ecdm|lycRdly~?m!d_!6b+tx§
 Å	Ç+È:È:ÐÊËÈ:ÐÍ:Ð|É]È:äxÙÆUÊ¤Ë:ÙWÎÏÍ,Í:Ç+ç:ÐäËÙ6É!ÍsÎÏîoÐÊËLÎ6ÐîÐ{ªäµÎÏÐÊËÉæ UÆÈLÎÏË:Ù+ë)ÍË:ÙuÉ]ËÇoÍ:ÐË:Ù+ÐæÏÆ<Ë:Æ4ÍxÉ×UÐ
Ë:Ù+ÐäÆÊË:ÐË Æ]ðÉyIyæàÎÏä!É]ËLÎÏÆÊ6Í)ÎÏÊ+Í:Ë:Ð|É]îÆ]ðÇoÍLÎÏÊA4Í:Ð?yuÉ]ÈxÉ!Ë:ÐËxÉ]çæÏÐÍÞ  w¡ÙÎÏÍ È:ÐÍ:Ð!É]È:äxÙÐÊËxÉÎàæÏÍ)äxÙ6É!ÊI!ÎÏÊIË:ÙoÐ
ÎÏÊË:ÐÈ:ÊuÉ|æ8É|æ ÆUÈLÎÏË:Ùoë)ÍAÆ]ðPË:ÙoÐAîuÉ]ËxÉ]çuÉ]Í:Ð/ëÉ]ÊuÉÐë)ÐÊËÍ:ØÍ:Ë:ÐëÞ
 wÙ+ÐÓ	ÆÈ:îQ³Ë:ÈxÉ!Ê+ÍxÉ!äËLÎÏÆUÊAä!É]Ê)ë/Ð!É]ÊËLÓ8ÆAË:ÙWÎÏÊAUÍ	ÎÏÊË:Ù+Ð	æàÎÏË:ÐÈxÉ!Ë:Ç+È:ÐEÉyoÈ:ÆUÈxÉ!ë±Ë:ÐËPË:ÙuÉ]Ë	Í:ËxÉ!Ë:ÐÍ£ÓÙoÐÊ
Ë:ÈxÉ]ÊoÍxÉ]äËLÎÏÆÊ+ÍAçuÐ?]ÎÏÊÉ!Ê+îÐÊoî	EÉ]ÊoîÉ È:Ç+ÊoÊWÎÏÊA)ÎÏÊ+Í:ËxÉ!Ê+äÐ)Æ]ðË:Ù6É!ËyoÈ:ÆÈxÉ]ëÂË:ÐËÞ 4ÐAëªÉ]ÕUÐAË:ÙoÐAîÎÏÍ:ËLÎÏÊ+äËLÎÏÆÊ
ç6ÐËKÓ	ÐÐÊ)Ë:ÙoÐÍ:ÐËLÓ8Æ ÊoÆUËLÎÏÆUÊoÍ"!nä!É|æàæàÎÏÊA)Ë:ÙoÐë­Ë:ÈxÉ]ÊoÍxÉ]äËLÎÏÆÊ(y+È:Æ<UÈxÉ]ë(É!Ê+îË:ÈxÉ]ÊoÍxÉ]äËLÎÏÆUÊ)ÎÏÊ+Í:ËxÉ!Ê+äÐ È:ÐÍ=y6ÐäËLÎÏ×UÐµæÏØ #
ÓÙ+ÐÈ:Ð ÎÏËÎÏÍÊ+ÆË äµæÏÐ!É!È¡ðnÈ:Æë±äÆÊË:ÐËÞ
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 Q
6)k=dj!kPb_bEjUm!d_ln¦ob6m|ly`O~Ãcbo{£drPb6_bcdm!_ln¦do}	§ 
=`O_,dUPb6cr?tndEz	m!k=dpPqd_c¤b+¬?~=`6«
m!kPb6mAq`Ecd.m!_b6~Pq]bEjUmln`E~r=_!`EaE_Ub6c¤q	p=r	}=b6m!d,bEjjU`Op=~m {Pb+tKb6~PjUdoq b~P}{=_b6~Pj]k{Pb+tKb6~PjUdoqz
«k=d_!dobEq`Em]k=d_qYj]k=doj!¬bEjjU`Ep=~?mY{Pb+tKb6~PjUdoq§ 
`6«)dEd_oz)m!k=d±pPqd_~=ddo} ~=`EmY¬?~=`6«
dUébOjUmtn«sk?l©j]kbEjjU`Ep=~?mq `E_A{=_b6~Pj]k=doq.«)ltt8{Pdsp=r8}=b6m!do}	§&6)k=dj!kPb6_UbEjUm!d_ln¦ob6mln`E~Rc¤b+
b+tKq`ln~Pj]tnpP}?d4ly~?¢:`E_!cb6mln`E~YqpPj]kYbEq.m!kPb6m,jUd_]mb+ln~m!_b6~Pq]bEjUmln`E~r=_!`EaE_bc¤q)b+tn«ªb+=q)bEjU¥
jUdoq!qbqly~=atydR_!dojU`E_}`O_m!kPb6mjUd_!mb+ln~­~=`m«)`Rln~Pqmb6~PjUdoq`6¢/m!k=dq!bcdm!_b6~Pq!bOjUmln`E~
r=_!`EaE_Ub6c «)ltvtAdU=dojUp=m!djU`E~PjUp=_]_!d~m|tyE§6)k=dc`O_!dqpPj]kly~?¢:`E_!cb6mln`E~z=m!k=d4cd_!_lnd_o§
° 6)k=daE`?b+tlKq4m!`YbEj]k?lndEdm!k=d  $(I #%'<<2 `6¢,qd_|l©butvln¦ob6{?ltlnmÂ²}?daO_!dd¤jU`E~PqµlKqm]d~PjUP´
f «)lnm!k=`Op=mrPb+Eln~=a¢:`E_)lnmo§
6)kPb6ml©qWzEm!k=dpPq|d_/«)`Ep?tK}4tln¬EddUlnm!k=d_)m!`pPqd}?daE_!ddjU`E~PqµlKqm]d~PjUEzm]`pPqdcp?tnmlnEd_!¥
qµln`E~_!dobE}4jU`E~PqµlKqm!d~PjU4dEd~m!k=`Op=aEkm!k=d.m!_b6~Pq]bEjUmln`E~kPbOqc`=}Ol38jb6mln`E~qmbm!dcd~?mqz
`E_)m!`¤j]k=`Erm!_b~Pq!bEjUmln`E~r=_!`EaE_Ub6c¤qln~m!`qc¤b+ttnd_,r?lndojUdoq§6)k=daEpPb_b6~?m!ddgq|k=`Ep?tK}{Pd
m!kPb6mm]k=d_!doqp?tnmln~=adU=dojUp=mln`E~{Pd4d Ep?lnubutyd~?mm]``E~=dln~«k?lKj]kYdobEj]kY`E_|lyaly~Pbut-m!_Ub6~=¥
q!bEjUmln`E~ln~PqmUb6~PjUddU=dojUp=m!doqb+tn`E~=d²:lx§àdE§©zq|d_lKb+tly¦ob{?ty£´§
° 6)k=dpPqd_¬~=`6«,q.«k=d_]d_!`6ttn{PbEj]¬Yqmb6m]dcd~mUq `=jjUp=_o§
¼Ep=r=rP`q|dm!kPb6mAm!k=dpPqd_j!k=`OrPqAp=rm!k=dgjU`=}?ds¢H`E_)bm!_Ub6~Pq!bEjUmln`E~Rr=_!`EaE_bcÂln~?m!`m«)`
r?lndojUdoq  b6~P}  «k=d_!dm!k=d  rPb_!mdU=dojUp=m!doq3P_qmo§¡½:¢,m]k=d  rPb6_]mdU=dojUp=m!doqb_!`6ttn{PbEj]¬¶q|mb6m!dcd~?mb+¢:m!d_	  jU`Ecclnmqz	m]k=d~(m!k=dc`=}Ol38jb6mln`E~Pq}?`E~=d{?
  «ªlvttqmlttg{£dY_!d\PdojUm]do}±ln~Âm!k=d}=b6mb6{PbOqdE§6)k?lKqlKqR~=`Emd Op?ly6b+tnd~mm]`(b6~ÂdU=dojUp=mln`E~ ly~
«k?lKj!k¹dU=dojUp=m!doqb_!`6ttn{PbEj!¬qmbm!dcd~?m/b6~P}Rp=~P}?`doqsb+tt8lnmqªc`}Ol38jb6m|ly`O~Pq§&6)kpPqWz
m!k=dpPqd_qk=`Ep?tK}_]dob6_!_b6~=aOdm!k=djU`}?dq`_!`tvtn{PbEj]¬=q`=jjUp=_dob6_tnE§£®­d«)ltt¢:`E_!cb+tly¦d
m!k?lKq)ln~?m!p?lnmln`E~Y{£dUtn`u««)lnm!km!k=d~=`Emln`E~`6¢A_!`6ttn{PbEj]¬¥xq]b+¢HdmE§
° ½:¢b¢xb+ltnp=_!d`jjUp=_qWz6lnm.l©qrP`q]qµln{?tydm]`}?dm!d_!cln~=d«k?lKj]k¤m!_Ub6~Pq!bEjUmln`E~4ln~Pqmb~PjUdoq/jU`Oc¥
r?tndm!do}{PdU¢:`E_!dm!k=ds¢xb+ltyp=_]db6~P}R«k?lKj!k`O~=doq}OlK}~=`Em²x{RpPqµln~=a¤q`Ecdub_lKb6~m)`6¢ m!k=d
cln~?ln¥:{Pb6mj]k?ly~=am]doj!k=~?lOp=dlttnpPqm!_bm!do}ln~Ym]k=d)dc¤b_!¬¤`¢-dUPb6cr?tndR´§
¼Ep=r=r£`qdm!k=d_!d­b6_!d T m!_b6~Pq!bOjUmln`E~Àln~Pqmb~PjUdoq  B  B B±m!kPb6m¤jb6~·dUdojUp=m]dÃ«ªlym]k?ly~q`Ocdln~m]d_!ub+tx§ ¿	dmpPq4bEq!qp=cdEz£¢:`E_~=`6«z£m!kPb6mdobEj]k(qpPj]k­m!_Ub6~Pq!bEjUmln`E~ln~Pqmb~PjUd¤_!doq|p?tymUq
¢:_!`Ecb}OlKqmln~PjUmr=_!`EaE_Ub6cY§=.k=`Er=r?ln~=a¤bm!_b~Pq!bEjUmln`E~Rln~Pqmb6~PjUdjb6~m]k=d~{Pd}?`O~=d{cR`E¥
}Ol¢:Eln~=a±m!k=dp=~?lEp=dr=_!`EaO_b6c m]kPb6m`E~?tn(m!k?lKqRm!_b6~Pq]bEjUmln`E~ ly~Pq|mb6~PjUddU=dojUp=m!doq§A®­d«ªlvtt
_!ddUPb6cln~=d4m!k?lKq,bEq]qp=cr=mln`E~ln~Ãq|dojUmln`E~YP§
hsttsbuty`O~=aYm!k?lKq4rPb6rPd_+z«)d¤jU`O~PqµlK}?d_m]_b6~Pq!bEjUm|ly`O~­r=_!`EaE_Ub6c¤q«)lnm!kÀqµlncr?tndYjU`E~?m!_!`6t/qm]_!pPjU¥
m!p=_]doq7uq|d Ep=d~PjUdoqz+tn`?`ErPqz6b6~P}l¢H¥:m!k=d~=¥:dUtKqdqmb6m!dcRd~mqW§hgq }?d3P~=do}ln~ $xzobs_!do}?pPj]ln{?tnd\P`6«
aE_Ub6r=kÃjb6~{£dbOq!q`=j]l©bm!do}«)lnm!kÃbRm!_b6~Pq]bEjUmln`E~Yr=_]`EaE_b6c§=®­dqkPb+tt q!b+m!kPb6m,b}=b6mb6{PbOqd
bEjjUdoq]q >Ur=_!dojUdo}?doqb}=b6mb{PbEqdbEjjUdoq!q >éln~Yb4m!_b6~Pq!bOjUmln`E~ln~PqmUb6~PjUdl¢Am!k=d_!dslKqb6~do}?aEd
|d|ºÊ('A
   
	
 !#"%$&'(*)+%,%-./10
¢:_!`Ec >m]` >  ly~m!k=d_!do}?pPj]ln{?tyd \P`6«¹aE_b6r=k`6¢m]k=dm!_b6~Pq!bOjUmln`E~¤r=_]`EaE_b6c§6½x~?m!p?lnmlnEdUtnEzPm!k?lKq
cdob~Pq)m!kPb6mlv¢ }=b6mb{PbEqd,bEjjUdoq]qdoq >b6~P} >P{£`Em!kdU=dojUp=m!dEz?m!k=d~ >r=_!dojUdo}?doq>:§&hb6mUb6{PbEqd
bEjjUdoq]qdoq >b6~P} >}?d_lnEds¢H_!`Oc m]k=dgq!bcd,r=_]`EaE_b6cm!dU=moz?{=p=m >	c¤b+{PdbEq]q`j]lKb6m]do}«)lnm!k
b4tKb6m]d_)lnm!d_b6mln`E~`6¢ b4tn``Er?ln~=ajU`E~Pqm!_]pPjUm²xdE§àaP§?«k?ltndtn`?`ErY`O_)¢H`O_ tn`?`Er	´§
h[@1";%; $.rPb6_]mlnmln`E~Pq	dobEj]k Oly~?m!` ; /<@/	:

B :

B :O§A6)kPb6m l©qWzdEd_!}=b6mUb6{PbEqd bEjjUdoq]q
r£d_¢H`O_!cdo}{?  lKq.ln~YdUPbEjUmtn`E~=dr?lndojUdE§
h j]k=`Er=r?ln~=a­`6¢bm!_b~Pq!bEjUmln`E~±r=_!`EaE_Ub6c l©qq!bul©}±m]`Y{Pd:?"%s%@  x	?9/l¢dUlnm!k=d_ kPbOq
~=`À_!`tvtn{PbEj]¬ qmb6m]dcd~mUq`E_b+ttm!k=d_!`6ttn{PbEj]¬ qmb6m!dcRd~mq`6¢  b6_]dln~¹lnmq 3P_qmr?lndojUdE§

ép=_!m!k=d_ozEb+tt=m!k=dqmb6m]dcd~mUq£ln~m!k=d3P_qm r?lndojUdcpPqmdU=dojUp=m!d){PdU¢:`E_!db6~?`Om!k=d_-q|mb6m!dcd~?m
`6¢	§6ªk?l©qRr=_!dEd~?mqb j!k=`Er=r£do}Àm!_Ub6~Pq!bEjUmln`E~±ln~PqmUb6~PjUd¢:_!`Ec jU`Ecclym]mln~=a q`Ocd`6¢lymUq
c`=}Ol38jb6mln`E~Pqb~P}m!k=d~±_!`6ttly~=a {PbEj!¬	§h j]k=`Er=r?ln~=al©qq!bul©} m!`{£d ?"%%@  	G?9/lv¢m!k=d
j]k=`Er=r?ln~=a`6¢dobEj]kY`¢lnmqm]_b6~Pq!bEjUm|ly`O~r=_!`EaE_bc¤ql©qª_!`6ttn{PbEj!¬?¥xq!b+¢:dE§
.	  %$ &  
   <2 ²:¢:`E_)m!k=d4r?lydojUdoqs`6¢ bj]k=`Er=r?ln~=a=´
eE§)®¹k=d~Âr?lndojUdoqdU=dojUp=m!dEz.m!k=d±`E{PdÀm!k=dr=_]dojUdo}?d~PjUdÃ_]dUt©bmln`E~Pqk?lnr }?d3P~=do}Â{?±m!k=d
m!_b6~Pq]bEjUmln`E~r=_!`EaO_b6cY§
=§ bEj]kr?lndojUd«)ltvtAdU=dojUp=m!dbEjjU`O_}Oln~=am!`¤q`Ocdqd_lKb+tln¦ob6{?tndjU`E~PjUp=_!_!d~PjUYjU`E~?m!_!`t¡buty¥
aE`E_lnm!k=c b6~P}R«)ltvtjU`EcRclnm lnmq.j!kPb~=aEdoq.«k=d~lnm)d~P}=q§é² =m!d~Pqµln`E~Pq.`6¢m!k?lKq.«)`E_!¬m!`
~=`E~=¥xqd_lKb+tln¦ob6{?tndd~?Eln_!`E~=cRd~mqs`E_m!`cp?tnmlK}=b6mUb6{PbEqdqdm!m|ly~=a?qc¤b+53P~P}lnm~=dojUdoq¥
q!b6_!m!`_!dUtKb+Ym!k?lKqbOq!qp=cr=mln`E~§y´
=§)½:¢8b)r?lndojUdl©q b6{£`E_!m!do}}?p=d.m!`,b.tn`=j!¬jU`E~.\=lKjUmoz+m!k=d~lnm «)ltvt={Pd._!doqp={=clnm!m]do}_!dr£dob6m!do}Otn
p=~m|lvt¡lymjU`EcclymUq§
P§)½:¢ br?lndojUd4l©qb6{£`E_!m!do}}?p=d4m!`bq=qm!dc ¢xb+ltnp=_!dEz=lnm«ªlvttA{Pd4_!doqmb6_]m!do}	§
=§)½:¢ b4r?lydojUdlKqb6{P`O_!m!do}}?p=dm!`b4_!`6ttn{PbEj]¬Yqmb6m!dcRd~mozOm!k=d~r?lndojUdoq)¢:`E_)m!kPb6m.m!_b6~Pq]bEjU¥
mln`E~ln~Pqmb6~PjUd4m!kPb6mkPb+Ed~=`Om{PdaEp=~«)ltt-~=`Em)dU=dojUp=m!dE§
 wÙWÎÏÍ)îoÐ uÊWÎÏËLÎÏÆÊÆ!ðÈ:Æ]æàæÏçuÉ]äxÕLÍxÉðnÐËKØRÎÏÍÍLæàÎ UÙËLæÏØ¤Æ]×ÐÈLæÏØÈ:ÐÍ:Ë:ÈLÎÏäËLÎÏ×ÐðnÆÈ)Ë:ÙoÐÍxÉ]ÕÐÆ!ðyoÈ:ÐÍ:ÐÊËxÉ]ËLÎÏÆÊOÞ8ÌLË
Ó	ÆUÇæÏîçuÐÍ:Ç{äµÎÏÐÊË)ðnÆÈ)Éæàæ È:Æ!æàæÏç6É!äµÕ¤Í:ËxÉ]Ë:Ðë/ÐÊË:Í)Ë:Æç6ÐÎÏÊË:ÙoÐ uÈ:Í:ËyÎÏÐäÐË:ÙuÉ]Ë Ù6É!Í)ë)ÆîÎ6ä|É]ËLÎÏÆUÊYÍ:ËxÉ
Ë:Ðë)ÐÊË:ÍÑÉ]Í ÆyAy6ÆÍ:ÐîË:ÆÊoÐäÐÍ:ÍxÉ]ÈLÎàæÏØË:Ù+Ð 6È:Í:ËyWÎÏÐäÐË:Ù6É!ËAÙ6É!Í)É!ÊØî6É!ËxÉ]çuÉ]Í:ÐÉ!ääÐÍ:ÍÞÛÇ+äxÙÉsîoÐ uÊWÎÏËLÎÏÆÊ
Ó	ÆUÇæÏîäÆëyWæàÎÏä|É]Ë:Ð)Ë:ÙoÐyoÈ:ÐÍ:ÐÊËxÉ!ËLÎÏÆUÊÙ+Æ!Ó	Ð×UÐÈÞ
 ã+ÆUÈ8ÐoÉ]ëyæÏÐUÑ6ÎàðË:Ù+ÐAË:ÈxÉ!Ê+ÍxÉ!äËLÎÏÆUÊÎÏÊoÍ:ËxÉ]ÊoäÐ ÇIy6îuÉ]Ë:ÐÍAÉ]ääÆUÇoÊË 6È:Í:ËÉ!Ê+î,ç+ÈxÉ!Ê+äxÙçuÉ|ævÉ!Ê+äÐRÍ:ÐäÆÊ+îEÑ
Ë:Ù+ÐÊ)Ë:Ù+Ð yWÎÏÐäÐ¡Ë:ÙuÉ]ËPÇAy6î6É!Ë:ÐÍ8É]ääÆÇ+ÊËÍ:ÙoÆUÇæÏî ! "#$"Pç6ÐµðnÆÈ:Ð¡Ë:ÙoÐyÎÏÐäÐË:ÙuÉ]ËPÇIy6îuÉ]Ë:ÐÍ£çoÈxÉ]ÊoäµÙ/ç6ÉævÉ]ÊoäÐ
&%"'(*),+Þ
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 
   'si ,R  ,¡')
A
®­d«ªlvttj!kPb_bEjUm!d_ln¦dm!k=dYjU`O_!_!dojUm!~=doq!q`6¢bj]k=`Er=r?ln~=a(«ªlym]kÀm!k=dYb+lK}À`6¢b6~Àp=~P}Oln_!dojUm!do}
aE_Ub6r=k«k=`q|dEd_!mlKjUdoq.b6_!dr?lndojUdoq)b6~P}«k=`?qddo}?aEdoq.jU`E~PqµlKqm `¢ m]k=d)¢H`tvtn`6«)ln~=am«/`}OlKqL`6ln~m
qdmUq7
eE§ do}?aEdoqf  qmb6~P}=qs¢:`E_M@"%$(@A:§6)«)`¤r?lndojUdoq5­b6~P} 5 -¢H_]`Ec }Ol¯d_!d~?m`E_|lyaly~Pbut
m!_b6~Pq]bEjUmln`E~ln~PqmUb6~PjUdoqjU`E~.\=lKjUml¢/_!dEd_Uqµln~=a¤m!k=dUln_`E_U}?d_,`6¢ dU=dojUp=mln`E~«)ltt/j!kPb~=aEd
dUlnm!k=d_m!k=d_!doqp?tnmln~=a(qmUb6m!d`E_m!k=d_!dm!p=_]~(6b+tnp=doq§$
=`E_!cb+ttyEz5Àb6~P} 5 jU`E~.\=lKjUm4l¢
m!k=d_!d¸l©qq`EcRdÃqmbm!d >qpPj!k·m!kPb6mdU=dojUp=mln~=a 55  `E~ >YOlndUtK}=qdUlnm!k=d_b(}Ol¯d_!d~?m
_!doqp?tnmln~=aqmb6m]d/`O_/}Ol¯d_!d~m._!dm!p=_!~Rub+tnp=doq)«k=d~jU`EcrPb6_!do}«)lnm!k¤dU=dojUp=mln~=aE5  5R`E~
>E§+6ªkpPqz£jU`E~.\=lKjUmlKqsm!k=dq!b6cdbOqY$+"%$ U@"%!#!#-=%=A=H6§
½:¢«)d¤}?`E~ àm4¬~=`6« m!k=dqdc¤b6~?mlKjq4`6¢ 5±b6~P} 5 :z¡«)d«)lttsq]bom!kPb6mm!k=d­jU`E~.\=lKjUm4l¢
m!k=d_!dl©qq|`Ecd}=bmblnm!dc	m!kPbm{P`Em]k¶bOjjUdoq!q,b~P}ÃbmtndobEqm`E~=d4c`}Ol3Pdoq§d6ªk?l©qslKq
jb+ttndo}b 	GH
$=%@A=@AjU`E~.\=lKjUmo§
~=`6«)ln~=am!k=dqdc¤b6~?mlKjqAjb6~z+k=`u«)dEd_+zo{£d/k=dUtnr?¢:p?tx§
é`E_
dUébcr?tndEz-bO}=}Olym|ly`O~Pqm!`ln~?Ed~?m!`E_!(b_!d¤jU`Eccp=mbmlnEd²:lx§àdE§nz }?`~=`EmjU`E~.\=lKjUm´4«)lnm!k
`Em!k=d_YbE}=}Olnmln`E~Pq¸m!`±ln~Od~m!`O_!E§ 
`6«)dEd_oz.m«)` qpPj]k bE}=}Olnmln`E~Pqb6_!dln~ q?~mUbEjUmlKj
jU`E~.\=lKjUmo§J6ªk=dÃcR`E_!dm!k=d­pPqd_¬?~=`6«,qb6{£`Ep=mk?lKq`E_k=d_Yb6r=r?tlKjb6mln`E~zm!k=d¢:d«)d_
jU`E~.\=lKjUmqsk=d`E_qk=d4«)ltvtA~=ddo}m]`lK}?d~?ml¢HE§
½:¢Am!k=d_!dl©qsbjU`E~.\=lKjUmoz	}?_b+« b6~do}?aEd{£dm«)dd~ 5Yb6~P}5  b~P}tKb6{PdUtAm!k=ddo}?aEd§
=§¼do}?aEdoq)f ¼qmb6~P}=qª¢H`O_Q	k1$ E§&6)«)`¤r?lndojUdoq 5­b6~P}R5  b6_!dqµln{?tly~=a?ql¢/m!k=dYjU`Ocd
¢H_]`Ec m!k=dq!b6cRd`E_lna6ln~Pb+tm!_b~Pq!bEjUmln`E~ 4§½x~Àm]k?l©qjbEq|dEz}?_b+« b~(do}?aEd{Pdm«)dd~H5
b6~P}5  b6~P}RtKb6{PdUtAm!k=ddo}?aEdR¼P§
®­djb+tt m!k=d_!doq|p?tym|ly~=aaO_b6r=km!k=dE@"G;%; $ UG;+§ ²»s`Em!d4m!kPb6m~=`do}?aEdjb6~YkPb+Ed{P`Om!k
b6~(b6~P}Yb t©b{PdUtx§´
®­dYq]bo m!kPb6mb­j]k=`Er=r?ln~=a­aE_b6r=kÀkPbOqb~   $?@AH
@A/lv¢lnm¤jU`E~?mb+ln~Pqb­qlycRr?tydjUj]tndm!kPb6m
ln~Pj]tnpP}?doqb6m.tndobEqm`E~=d±do}?aEdb6~P}Ybm tndobEq|m,`E~=d do}?aEdE§
®­dq!b+¤m]kPb6m,bj]k=`Er=r?ln~=a¤`¢   B  BBlKq @<"%?/<@I£l¢b6~?dU=dojUp=mln`E~Y`6¢Am!k=dj!k=`Er=r?ln~=am!kPbm`E{Pd=qsm!k=ddU=dojUp=mln`E~_!p?tndoq)lKqsd Ep?ln6b+tnd~mm!`q`Ecdqd_lKb+tdU=dojUp=mln`E~`6¢Am!k=d`E_|lyaly~Pbut
m!_Ub6~Pq!bEjUmln`E~ln~PqmUb6~PjUdoq§
 |	Ðä!É|æàæË:Ù6É!ËÉ.ÍLÎÏëyæÏÐ)äØäµæÏÐ äÆUÊoÍLÎÏÍ:Ë:Í Æ!ð
ÞÉ.Í:ÐÇ+ÐÊoäÐ Æ]ðPÊoÆî+ÐÍ      Í:Ç+äxÙË:ÙuÉ]ËÊ+Æ/Ê+ÆîoÐÎÏÍÈ:Ð?y6Ð!É!Ë:ÐîÉ]Êoî
ÞÉAäÆ]æàæÏÐäËLÎÏÆUÊÆ]ðéÉ]Í:Í:ÆäµÎvÉ!Ë:ÐîÐîAUÐÍuË:Ù+ÐÈ:ÐÎÏÍÉ]ÊÐîIÐ ç6ÐËKÓ	ÐÐÊ=É]Êoî  ðnÆÈ "!$#% '&,É]Êoî,É]ÊÐîAUÐ ç6ÐËKÓ	ÐÐÊ  É]Êoî  oÊ+ÆÐîAUÐ ÎÏÍÎÏÊ+äµæÏÇoîoÐî4ËKÓ	ÎÏäÐUÞ
|d|ºÊ('A
e#P  
	
 !#"%$&'(*)+%,%-./10
 Ep?ln6b+tnd~PjUd#Rl©qs}?d3P~=do}pPqµln~=am!k=dqd_lKb+tln¦ob6mln`E~aE_b6r=k¢:`E_!c¤butvlKqc `6¢ ne4bEq)b6r=r?tlndo}m!`
r?lndojUdoq§
é`E_!c¤b+ttnEzobq|d_lKb+tly¦obmln`E~aE_b6r=klKq b}Oln_!dojUm!do}4aE_b6r=k«sk=`qdA~=`=}?doqb6_]dAm!_b6~Pq!bOjUmln`E~
ln~Pqmb~PjUdoqb6~P}«k=`q|d}Oln_!dojUm]do}­do}?aEdoq_]dr=_!doqd~?m`E_}?d_!do}jU`E~.\=lKjUmq§6)kPb6mslKqz   ¡l¢
q`Ocdr?lndojUd`6¢  r=_!dojUdo}?doqb6~P} jU`E~.\=lKjUmq4«)lnm!k(q`EcRdr?lndojUd`6¢  :§  `E~.\=lKjUmqqk=`Op?t©} {Pd
p=~P}?d_q|m!``=}¶ly~Àm]k=d¤qd~Pqd`6¢~=`E~=¥xjU`Eccp=mbmlnElnm­bEq}?doq!jU_|ly{£do}±dob6_tlnd_ln~(m]k?l©qqdojUm|ly`O~§

é`6tty`6«)ln~=a ne4xz=l¢)m!k=dqd_lKb+tln¦ob6mln`E~­aE_Ub6r=kY_!doq|p?tym|ly~=a¸¢H_]`Ec b~YdU=dojUp=mln`E~lKqbEjU=j]tvlKj6z¡m!k=d~
m!k=ddU=dojUp=mln`E~±lKq4d Ep?ln6b+tnd~mm!`­bYqd_|l©butª`O~=dE§ 
ép=_!m!k=d_m!k=d{P`?`E¬±r=_!`6Edoqm!k=dR¢:`6tty`6«)ln~=a
¢xbEjUmo§
¡P6E4²´½:¢b+ttm!_b6~Pq]bEjUmln`E~Àln~PqmUb6~PjUdoqpPqdm«)`­r=kPbEqdtn`=j!¬Oln~=aPzm!k=d~ b+ttm!k=`?qdm!kPb6m
jU`EcRclnm,r=_!`=}?pPjUdb~YbEjUj]tlKjq|d_lKb+tly¦obmln`E~aE_b6r=k§
 3#<&)(F$   hÂj]k=`Er=r?ln~=alKqAjU`E_!_!dojUm¡l¢Plnm lKq _!`6ttn{PbEj]¬¥xq!bu¢Hdb6~P}glymUqAj!k=`Er=r?ln~=a4aE_b6r=kjU`E~mUb+ln~Pq
~=`¼= ¥xjU=j]tydE§
	

/butvtPb6~?,dU=dojUp=mln`E~`6¢8bj]k=`Er=r?ln~=a¢:`E_«k?lKj]km]k=d/j]k=`Er=r?ln~=aaE_b6r=kjU`E~?mb+ln~Pq¡~=`¼=.¥xjUj]tndoqz
b6~   $?%@AH
@I @Q/1CD/@A-.="$`6¢-bRj!k=`Er=r?ln~=aP§£®­dcpPqm,q|k=`u« m!kPb6mA7
eE§b6~?¼= ¥xbOjUj]tlKj)dU=dojUp=mln`E~ElndUtK}=qAb6~bOjUj]tlKj)qd_lKb+tln¦ob6mln`E~aE_b6r=k4`E~m!k=d.a6lnEd~m!_Ub6~=¥
q!bEjUmln`E~¶ly~Pq|mb6~PjUdoq	  B  BCBP§b6~P}k=d~PjUdRl©qd Ep?ln6b+tnd~mm!`bYqd_|l©but dUdojUp=mln`E~`6¢ jU`Ecclnm!m!do}m]_b6~Pq!bEjUm|ly`O~ly~Pq|mb6~PjUdoqÁPb~P}
=§)m!k=dm!_Ub6~Pq!bEjUmln`E~ly~Pq|mb6~PjUdoq.m!kPb6m._!`6tt8{PbEj]¬4ln~¤m!k=d4¼= ¥xbEjU=j]tlKjdUdojUp=mln`E~«)`Ep?tK}¤but©q|`
_!`6tt{PbEj]¬l¢Ar=_!`ErPd_|tyr?tKbEjUdo}ln~m!k=d,d Op?lnub+tnd~?mqd_lKb+tdU=dojUp=mln`E~§=®­d~=ddo}m!k?lKqsm!`
b+E`6lK}m!k=dm!_lnOl©but8_!doqp?tnm)m!kPb6m.m!k=ddUdojUp=mln`E~RlKq)qd_lKb+tln¦ob6{?tnd{?{PdUln~=ad Ep?ln6b+tnd~mm!`
b~?p?tvtAdU=dojUp=mln`E~§

=`E_)rP`ly~?meEz?«)dr=_!`jUddo}¸{jU`E~m]_bE}OlKjUmln`E~§	 `O~PqµlK}?d_,b6~¼= ¥xbEjU=j]tlKjdU=dojUp=mln`E~Y`6¢Ab
j]k=`Er=r?ln~=aY`6¢   B   BB  §¡¼Ep=r=rP`qdRm!k=d_!d«)d_!dbjU=j]tndln~­m]k=dq|d_lKb+tly¦obmln`E~­aE_br=kY`6¢
  B  BB_!doq|p?tym|ly~=a¢H_]`Ec m!k?lKq dU=dojUp=mln`E~§%6)kPb6m¡lKq        §+½}?d~?ml¢H4m!k=dr?lndojUdoq4`6¢/m]k=d¤j!k=`Or=r?ly~=abEq!q`=j]lKb6m!do}«ªlym]kÃdobOj!k­m]_b6~Pq!bEjUm|ly`O~Yln~PqmUb6~PjUdm!kPb6mb_!d4ly~?E`6tnEdo}
ln~m!k?lKqjUj]tnd%75  5      5   § P.`Em]k 5b6~P}5   {PdUtn`E~=am!`m!_b6~Pq]bEjUmln`E~ln~PqmUb6~PjUd  §
^-lydojUdoq 5Yb6~P}5  jb~=~=`Em{Pd4m!k=dq!b6cRdEzqly~PjUd4dobEj]kr?lydojUdpPqdoqªm«)`r=kPbEqdtn`=j!¬Oln~=a¤{?m!k=d
dU=dojUp=mln`E~­_!p?tndoqb6~P}m!k=dqd_|l©butvln¦ob6m|ly`O~­aE_b6r=k`6¢/bqdm`6¢/jU`Occlnm!m!do}¸m«)`E¥:r=kPbOqdtn`=j!¬Edo}
m!_Ub6~Pq!bEjUmln`E~±ln~PqmUb6~PjUdoq4lKqbEjU=j]tl©j¸{¶¢³bEjUm²´U§ ¼6ln~PjUd 5Âb6~P} 5  sb6_!d}Olv¯d_!d~?mr?lndojUdoqly~
m!k=dq!b6cd4m!_b6~Pq]bEjUmln`E~ln~Pqmb6~PjUd  z£m!k=d_!dl©qb6~ ¼E¥:do}?aEd{£dm«)dd~m!k=dc ln~m!k=dj!k=`Er=r?ln~=a
aE_Ub6r=k§AOd_!¤}Oln_!dojUm!do}do}?aEdln~Ym]k=dqd_lKb+tln¦ob6mln`E~aE_b6r=kYjU=j]tndjU`E_]_!doqrP`O~P}=q)m!`¤b.¥:do}?aEd
ln~Àm!k=d¤j]k=`Er=r?ln~=aaE_b6r=k±qµln~PjUdlym4_!d\PdojUmqbYjU`O~.\=l©jUm+§ ¼E`£zm!k=d¤jU=j]tndln~(m!k=dqd_lKb+tln¦ob6mln`E~
aE_Ub6r=klncr?tlydoqm!k=ddU?l©q|m!d~PjUd`6¢ b6~¼= ¥xjU=j]tnd4ly~m!k=dj]k=`Er=r?ln~=a¤aE_Ub6r=kzPbjU`E~?m!_bO}Ol©jUm|ly`O~§
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 eOe

=`E_.rP`6ln~?m,=zE~=`OmlKjUd,m!kPbmªb~m!_b~Pq!bEjUmln`E~Rln~Pqmb6~PjUd ¹«k=`qd 3P_qm.r?lydojUd5_!`tvtKq){PbOj!¬
ln~m!k=d¼= ¥xbEjU=j]tlKjdUdojUp=mln`E~«)ltt8kPb+Ed~=`dU¯dojUm.`E~m!k=d,}=bmb6{PbEqdEzEqly~PjUdm!k=d,j]k=`Er=r?ln~=alKq
_!`tvtn{PbEj]¬?¥xq!b+¢:dE§=®­d«ªb~m.m!`qk=`6«¹m!kPb6m ¹«/`Op?t©}b+tKq`_!`6tt{PbEj]¬l¢-r=_]`ErPd_tnr?tKbEjUdo}Rln~m!k=d
d Op?lnub+tnd~?m,qd_lKb+tPdU=dojUp=mln`E~§=¼Ep=r=r£`qdm!kPb6m 5jU`E~.\=lKjUmq«)lnm!k¤b6~P}¢H`6ttn`6«,q r?lndojUdoq¢H_!`Oc m!k=d
qdm`6¢ m!_Ub6~Pq!bEjUmln`E~¸ln~Pqmb6~PjUdoq   B §6)k=d~r?t©bOjUd  lnccdo}OlKb6m!dUtn­b+¢:m!d_m!k=dtKbEqm`6¢m!k=`?qdm!_b6~Pq]bEjUmln`E~ln~Pqmb6~PjUdoqªln~Ym!k=dd Op?lnub+tnd~?mqd_lKb+tdU=dojUp=mln`E~§=½µ~Ym!kPbmªjbOqdEz=m!k=d*3P_q|m
_!dobO}=q`6¢  «)lttA{PddUPbEjUmtnm!k=`?qd`6¢Am!k=dY3P_q|m_!dobE}=q)`¢15§ ¼6ly~PjUdE5_]`6tt©qs{PbEj]¬8z£q`«)ltt 4§
6)k=d`E_!dc eqk=`6«,qsm!kPb6mm!k=daE`b+tA`6¢/b6~?Yj!k=`Or=r?ly~=a`6¢/bqdm`6¢/m]_b6~Pq!bEjUm|ly`O~Pq,qk=`Op?t©}
{£d¤m!``O{=mb+ln~(b_]`6tty{PbOj!¬?¥xq!b+¢:d¤j]k=`Er=r?ln~=aÃ«ªlym]k=`Ep=mb6~ ¼= ¥xjUj]tndE§ ®­d~=`6« r=_!doq|d~mb¢:d«
dUPb6cr?tndoq`¢/j!k=`Er=r?ln~=am!`¤m]_b+ln~m!k=d_!dobE}?d_ Ïqsln~?m!p?lnmln`E~§d6)k=d' Ïqz  qzPb6~P}Ïqk=d_]db_!d
qr£doj]l38jb~P}}Ol©q|mln~PjUm}=b6mbln~Pqmb6~PjUdoq§£¿b6m!d_«)d}OlKq!jUpPq!qsm!k=djU`EcRc`E~YjbEqd`¢r=_!`EaE_Ub6c¤q
rPb6_Ub6cdm!_ln¦do}¹{?Â{?ln~P}¹6b6_lKb6{?tndoq§
=`E_m!k=dr=p=_!r£`qdoq¸`6¢m!k=doqd­dUPb6cr?tndoqz)«)d­bEq!q|p=cd
~=`Em]k?ly~=a­b6{£`Ep=mm]k=d b6r=r?tlKjb6mln`E~ÀdUPjUdr=mm!kPb6m qmb~P}=q¢:`E__!dobO}­b6~P} ® ¢H`E_4«_lnm!dE§¼E`
`Ep=_s~=`Emln`E~Y`¢jU`E~.\=lKjUmslKq)d~m|ly_]dUtyq?~mbOjUmlKj6§
/ 3#&   	 (I30 ,
¼Ep=r=r£`qdm!k=d_]db_!dm!k=_]ddm]_b6~Pq!bEjUm|ly`O~ln~Pqmb6~PjUdoqm!kPb6mjb6~­b6{Pqm!_UbEjUmtn{Pdj]kPb6_bEjUm!d_|ly¦do}
bEq/¢H`6ttn`6«,q7



 

! 
P._!dob6¬Oln~=a¤p=r:6esln~m!`

"#

$ #
«)lttA_!doqp?tnmln~baE_b6r=k«ªlym]k=`Ep=m,b6~¼= ¥xjU=j]tnd²qdd
¡lnaEp=_!de6´U§
/ 3#&   	 (I30  
®·lnm!kYm]k=dq!b6cdQ6Rb6~P}E6bEqsb6{P`6EdEz?{=_!dob6¬Oln~=a¤p=r 6eEe¢:p=_!m!k=d_)ln~?m!`

""%

"$&
|d|ºÊ('A
eo  
	
 !#"%$&'(*)+%,%-./10
   
   
 
;

¡lnaEp=_!de%7
	



 



 
; ;

 
  
 
 
;

¡lnaEp=_!d&7
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 e+
«)lttA_!doqp?tnmln~b6~¼= ¥xjU=j]tyd²q|dd
¡lyaOp=_!d ?´§
/ 3#&   	 (I30  
»s`6«z?tndmpPq,jU`O~PqµlK}?d_b6~YdUPb6cr?tnd4ln~Ã«sk?l©j]km!k=d_!db6_!dm]k=_!ddm?rPdoqs`6¢Am!_b6~Pq]bEjUmln`E~Yr=_]`E¥
aE_Ub6c¤q7
° h m!_b6~Pq]bEjUmln`E~Yr=_]`EaE_b6cºm!kPb6msp=r8}=b6m!doqbqµln~=a6tnd¤}?dr£`qµlnm!`E_  q,bEjjU`Op=~mb6~P}m!k=d}?d¥
rP`qlym]`E_ ÏqjU`O_!_!doqr£`E~P}Oln~=a¤{=_b~Pj!k{Pb+tKb6~PjUdE§
° h m]_b6~Pq!bEjUm|ly`O~r=_!`EaE_bc m]kPb6m_!dobE}=qsb}?drP`qlym]`E_ ÏqbOjjU`Ep=~ms{Pb+tKb6~PjUdE§
° h m!_b6~Pq]bEjUmln`E~r=_!`EaO_b6cm!kPbm,jU`EcrPb6_]doqm!k=dqp=cº`6¢-m]k=d}?drP`?qµlnm!`E_q	bEjjU`Ep=~?m{Pb6¥
tKb6~PjUdoq«ªlym]kYm!k=dqp=c `6¢-m]k=d{=_b6~Pj]kY{Pb+tKb6~PjUdoq§

=`E_)r=p=_!r£`qdoqs`6¢jU`O~PjU_!dm!d~=doq!qz£jU`E~PqµlK}?d_,m]k=d¢H`6ttn`6«)ln~=a¤m]_b6~Pq!bEjUm|ly`O~r=_!`EaE_bc¤q§=¼Ep=r=¥
r£`qdm!kPb6m}?dr£`qµlnm!`E_bEjjU`Ep=~?mqheEeEz.heo=z?b6~P}Eheobutvt{£dUty`O~=a¤m!`4{=_b6~Pj]k PeEÁ}?dr£`qµlnm!`E_
bEjjU`Op=~mqhée/b6~P}#hEs{P`Om!k{PdUtn`E~=am]` P)=§
sd_!db6_!d.m!k=d)m!_b6~Pq!bOjUmln`E~m!dUmUqA² ® cdob~Pq
b_]dobE}R¢H`tvtn`6«)do}{? b«_lnm!dE§´

 
	
	  "%   % 

 
	
	  "% !  % 

! 
	
	  "     

   $ 

     

 ! "$#&%'(  %" %  % !    "  
¿	dmpPq4qdd#3P_qm4«k=dm!k=d_4m!k=d{Pb+tKb6~PjUdjU`EcrPb6_|l©q|`E~­m!_b~Pq!bEjUmln`E~ 6 jb6~­{Pd{=_!`E¬Od~Ãp=r
ln~?m!`¤m«)`m]_b6~Pq!bEjUm|ly`O~Pq§

 !#" %$ % ! % 

 !" #  "   
|d|ºÊ('A
e  
	
 !#"%$&'(*)+%,%-./10
 
 
 
 
 
  
     
    




;
  

¡lnaEp=_!d&7
6)k=db6{Pqd~PjUd`6¢,b6~À¼=.¥xjUj]tndYqk=`6«,qm!kPb6mm!k?lKqlKqr£`q!qµln{?tnd²qdd 
¡lyaOp=_!d ?´§»s`Em!dRm!kPb6m
m!k?lKqjU`Op?t©}±{£daEd~=d_b+tln¦do}Àm]` 6±p=r	}=b6m!doqzR{Pb+tKb6~PjUdm!_b~Pq!bEjUmln`E~Pqb6~P}·ejU`EcrPb6_lKq`O~§
.bEj!kR{Pb+tKb6~PjUd,m]_b6~Pq!bEjUm|ly`O~«)`Ep?tK}jU`O~.\=l©jUm)«)lnm!kq`Ecd)p=r8}=bm!d,m]_b6~Pq!bEjUm|ly`O~§  bEj]kp=r8}=b6m!d
m!_Ub6~Pq!bEjUmln`E~«)`Ep?tK}jU`E~.\=lKjUm«ªlym]kdUébEjUm|ty`E~=dr?lndojUd`¢-m!k=d{=_Ub6~Pj!k=¥:{??¥:{=_b6~Pj]kYj!k=`Er=r?ln~=a
`6¢Am!k=djU`EcRrPb6_lKq`E~m!_b6~Pq!bOjUmln`E~§£¼E`Pz=m!k=d_!d«)`Ep?tK}¸{Pd~=`jUj]tndoq§
/ 3#&   	 (I30 	
6 b6¬Oly~=am!k=dm!_b6~Pq]bEjUmln`E~Yr£`Er=p?tKb6mln`E~ ¢H_]`Ec m]k=dr=_]dEln`EpPqdUéb6cRr?tydEz£tndmpPq~=`6« jU`E~PqµlK}?d_
}OlnOl©}Oln~=a 6eln~m]`Ym«)`¤m!_Ub6~Pq!bEjUmln`E~PqalyOln~=am!k=d¢:`6tty`6«)ln~=am!_b6~Pq!bOjUmln`E~­rP`Or=p?t©bmln`E~Â²qdd

¡lnaEp=_!d=´§











 



















     
 
 
;
 
  

¡lnaEp=_!d4+7

"#"%  

$ #"% 
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 e+

  $! "% 

!   "  

 %  

    

 ! %  %  % !    "  
6)k?lKqs_!doqp?tnmqªln~Ãb6~¼= ¥xjU=j]tndE§

 $ $(  .&  % (I-$$(	1(F<2 $(F"$	%$ &   6)k=dYj!k=`Or=r?ly~=a?q«)d¤`6¯d_b6_!dqd_lKb+tln¦ob6{?tndEz){=p=m~=`Om
~=dojUdoq!q]b6_ltnY`E_}?d_]¥:r=_!doqd_!Oln~=a qd_|l©butvln¦ob6{?tndE§  `O~PqµlK}?d_,m!k=d¢:`6ttn`6«)ln~=a¤dUPb6cr?tnd%7




  


!  
6)k=dgj]k=`Er=r?ln~=aaE_b6r=k_]dc¤b+ln~PqbEjU=j]tl©jgl¢«)dgj]k=`Erp=rE6esly~?m!`m!k=dm!_b6~Pq]bEjUmln`E~²xh4´
b6~P}¸m!k=dm!_b~Pq!bEjUmln`E~Y²?P´U§+6)k?lKq)«)`Ep?tK}Yb+ttn`6« m!k=d¢H`6ttn`6«)ln~=a¤dU=dojUp=mln`E~d7

"
"
6)k?lKqªlKqd Op?lnub+tnd~?mm!`

! 

 
q`RlKqqd_lKb+tln¦ob6{?tndE§ ½xmsl©q~=`OmozPk=`6«)dEd_ozé`E_}?d_!¥:r=_!doq|d_!Eln~=aYqd_|l©butvln¦ob6{?tndEz {PdojbpPqdM6¤jU`Oc¥
r?tndm!do}¸{PdU¢:`E_!dY64{Pdab6~Edmb6r=r£dob6_q)m!`4dUdojUp=m]db+¢Hm]d_6ln~m!k=d`E~?tn¤d Op?lnub+tnd~?mgqd_|l©but
q!j]k=do}?p?tndE§
|d|ºÊ('A
e#  
	
 !#"%$&'(*)+%,%-./10
   $  '  ')£ 
R~­m]k=d«b+m!`}OlKq!jU`6Ed_ln~=aÃb6~b+tnaE`E_lnm!k=cº¢:`E_*3P~P}Oln~=aYm]k=d{£doqmrP`?q!qµln{?tnd j]k=`Er=r?ln~=aPz	«)d
cpPqm,b~Pq«)d_m«/`rPb6_]mlKjUp?t©b_tn«/`O_!_lKq`Ecd Op=doqmln`E~Pq7
eE§/b6~Yj]k=`Er=r?ln~=a br?lydojUd4ln~?m!`¤qc¤butvtnd_r?lndojUdoq{=_!dob¬ b6~ ¼= ¥xjU=j]tyd
=§)½:¢8bj]k=`Er=r?ln~=a`6¢=m!_b6~Pq]bEjUmln`E~	Àb+tn`E~=d/}?`?doq~=`OmjU_!dob6m!d)b6~¼=.¥xjUj]tndb6~P}bsj!k=`Er=r?ln~=a
`6¢m!_Ub6~Pq!bEjUmln`E~ 	b+tn`E~=d}?`?doq)~=`Em)jU_!dob6m!db6~¼= ¥xjU=j]tndEzPjb6~j!k=`Er=r?ln~=a{P`Em]k jU_!dobm!d
`E~=d
hgqªlnm,kPb6r=r£d~Pqz	m!k=db6~Pq«)d_,m]`{P`Em]k Op=doqmln`E~PqªlKq~=dab6mlnEd4p=~P}?d_b~Pbm!p=_b+t~=`Omln`E~
`6¢AjU`E~.\=lKjUmo§+6)k?lKq.«)ltt-b+ttn`u«¹pPq)m]`Y3P~P}b6~d 	 j]lnd~ms`Er=mlncln¦ob6mln`E~r=_!`=jUdo}?p=_!dE§?½x~m]k=d(3P_q|m
qdojUm|ly`O~Pq`6¢m!k?lKqj!kPbr=m!d_ozA«)dÃbOq!qp=cdm!kPb6mm!k=dYdU=dojUp=mln`E~¹`6¢b±j!k=`Er=r£do}·m!_b6~Pq!bOjUmln`E~
¢:`6ttn`u«qm!k=dRly~?lnmlKb+t`E_}?d_ln~=a­`6¢`Er£d_b6mln`E~PqR}?d3P~=do} ly~Àm]k=d jU`E_]_!doqrP`O~P}Oly~=a m!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6cY§O½x~m!k=dst©bOqmqdojUmln`E~z?«)d,dU=r?tKb+ln~k=`u«·m!`bEjjU`Ecr?tlKqkm!k?lKq§&6)k?lKq.«)ltttndobE}pPq.m!`
b}OlKq!jUpPq]qµln`E~Y`6¢Am!k=dr=_!`O{?tydc `6¢-_]d`E_!ab6~?ln¦Uln~=am!_Ub6~Pq!bEjUmln`E~r=_]`EaE_b6cqAm!`cb6¬Edj!k=`Er=r?ln~=a
c`O_!ddU¯dojUmlnEdE§
 	

 !#"$&% '"()*+(

é`E_Am!k=dr=p=_!r£`qdoq.`6¢	m!k=d)¢:`6tty`6«)ln~=a4m«)`stndcc¤bEqzOr?tndobEqd_!dcdc{Pd_.m!kPb6mA«)dbEq!qp=cdsm!kPb6m
m!k=d_]dl©qsb`E~=d¥:m!`E¥:`O~=dgjU`E_]_!doqrP`O~P}?d~PjUd{Pdm«)dd~m!_b~Pq!bEjUmln`E~Rln~Pqmb6~PjUdoqb6~P}Rm!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6cY§&6)k=d4_!doqp?tnmq)«ªlvtt b+ttn`u« pPqm!`_!dUtKb+Ym]k?l©qª`uOd_tn¤_!doq|m!_lKjUmlnEdbOq!qp=cr=mln`E~tKb6m]d_o§
,	$    ½³¢/bqdm`6¢/j!k=`Or=rPdo}m!_b6~Pq]bEjUmln`E~ln~Pqmb6~PjUdoqjU`E~?mb+ln~Pqb6~±¼= ¥xjU=j]tydEz	m]k=d~¶b~
¢:p=_!m!k=d_,j]k=`Er=r?ln~=a`6¢-b~`6¢Am!k=dm!_b6~Pq]bEjUmln`E~ln~Pqmb6~PjUdoqs«)ltt-~=`Om_!d~P}?d_)lnmbEjUj]tlKj6§
	

¿	dm 5{Pdb4r?lndojUd`6¢bm!_b~Pq!bEjUmln`E~Rln~Pqmb6~PjUd ¹m!`{£d¢:p=_!m!k=d_j]k=`Er=rPdo}b6~P}tydmsm!k=d_!doqp?tnm
`6¢ m]k=dj!k=`Er=r?ln~=a{£djb+ttndo}r?lndojUdoqU²F5	´U§=½:¢ 5¸lKq~=`Emªly~­b6~¼=.¥xjUj]tndEz	m!k=d~j!k=`Er=r?ln~=a5«ªlvtt
kPb+Ed4~=`¤dU¯dojUm`E~Ym!k=djUj]tndE§	½³¢ 5lKqªly~­b6~ ¼= ¥xjU=j]tydEz	m]k=d~¶butvt }OlKqmln~PjUmqp={=r?lndojUdoq.-Rb6~P}
- ¡`6¢15«)ltt-{£d4tvln~=¬Edo}m!`R`E~=db6~=`Om!k=d_{? (do}?aEdoqb6~P}l¢ 5lKqjU`E~=~=dojUm]do}{?Yb6~ Àdo}?aEd
m!` 5 	m!k=d~-b~P}/- ¡«)ltt{P`Om!kY{£dtln~=¬Edo}m!` 5 d6)k=d_!db6_!d~=`6«·¢H`Op=_,jbEqdoq7
eE§(6)k=d_!db6_!dm«)` do}?aEdoq.m!`EpPj]k?ly~=aE5¢H_!`Oc m!k=djUj]tndb6~P}{P`Em!kdo}?aEdoq.m!`EpPj]kr?lndojUd.-
ln~Yr?lndojUdoqU²F5	´U§+6)k=d~0-4mb¬Edoq)m!k=dr?tKbEjUd4`6¢15 ly~m!k=d¼= ¥xjU=j]tndm]kPb6m 5«bEq.ln~Y{£dU¢H`E_]dE§
=§(6)k=d_!db6_]dm«)`do}?aEdoqm]`EpPj!k?ln~=a 5R¢:_!`Ec m!k=djU=j]tndb6~P}`E~=dm]`EpPj!k=doqªr?lydojUd1-b6~P}
m!k=d `Om!k=d_m]`EpPj!k=doq r?lndojUd2- ln~r?lndojUdoqU²+5	´z6_!doqr£dojUmlnEdUtnE§6)k=d~m!k=ds¼= ¥xjU=j]tydjU`E~mUb+ln~Pq
-b6~P}/-  b6~P}m]k=doqdm«)`b6_]dtvln~=¬Edo}«)lnm!kb6~ (do}?aOdE§
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 eQ
=§(6)k=d_!dslKq `O~=d  do}?aOdgb6~P}R`E~=ddo}?aEdm!`EpPj]k?ln~=a 5¡§=¼Ep=r=rP`?qd,m]k=d do}?aEdm!`EpPj]k=doq)-
ln~r?lydojUdoqê²F5	´§+6ªk=d~z -4mb¬EdoqAm!k=dr?tKbEjUd`¢5ln~m!k=d4¼= ¥xjUj]tnd4m!kPb6m 5«ªbOqAln~{£dU¢H`E_]dE§
P§)½:¢ m!k=d_]db6_!dm«)`$±do}?aEdoqm]`EpPj!k?ln~=a5z=m!k=d~m!k=doqd4do}?aEdoq«ªlvtt m!`OpPj!kdobEj]kYr?lndojUd`6¢
r?lndojUdoqU²F5	´q`¤qdOd_b+tA¼= ¥xjU=j]tydoqb_!dgjU_]dob6m!do}«sk=d_!dm!k=d_!d«bEq pPqm`O~=d{PdU¢:`E_!dE§
6)k=d*$+@A"
	$  "$(@I Y		G-.! ; ="%$k=`6tK}=q ln~q`Ecdb6r=r?tlKjb6mln`E~zlv¢	«k=d~=dEd_.`ErPd_bmln`E~
 jU`O~.\=l©jUmUq«)lnm!k·`ErPd_Ub6mln`E~  sm!k=d~  «)lttjU`E~.\=lKjUm«)lnm!k b6~?±`E_}?d_ln~=a±`6¢g`OrPd_b6m|ly`O~Pq
jU`E~?mb+ln~?ln~=a  6)k?lKqbEq!qp=cRr=mln`E~¤k=`t©}=q/ly~m!k=djbEqd«k=d_!dm]k=d,`E~?tnjU`E~.\=lKjUmln~?¢:`E_!c¤bmln`E~
lKqYq|~?mbEjUmlKj¶²:lx§àdE§nz.«k=d_!d­b±«_lnm!d`E~ bÀ}=b6mb¶lym]dcijU`E~.\=lKjUmq«)lnm!k b±_!dobE} `E_ b±«s_lnm!d
`E~±m!kPb6mlnm!dc´§¡½x~±c`}?dUtKqln~(«sk?l©j]kÀ`E~=dkPbOqq|dc¤b6~?mlKj4ln~?¢H`E_]c¤b6mln`E~z m!k?lKqbEq!qp=cRr=mln`E~
k=`6tK}=q4r=_!`6Ol©}?do}±«)d~=dOd_j]k=`Er q|dc¤b6~?mlKjb+tty ~=`E~=¥xjU`E~.\=lKjUmln~=a­`Er£d_b6mln`E~Pqln~m]`Ãqc¤butvtnd_
`E~=doqW§
é`E_)dUébcr?tndEzEl¢A«)d,¬?~=`6« m]kPb6mAln~PjU_!dcd~?mqjU`Occp=m!d,«ªlym]k¤`E~=db6~=`Em]k=d_ªb~P}«)lnm!k
}?dojU_!dcRd~mqWz6m!k=d~«/dqk=`Op?t©}~=`Em-j]k=`Er4ln~PjU_!dcd~?mq `E_ }?dojU_!dcRd~mq¡ln~?m!`m!k=dUln_/jU`Ecr£`E~=d~?m
_!dobO}=q`E_«_lnm!doq§ ²] k=`Er=r?ln~=aÃb6~ln~PjU_!dcd~?m,@/ly~?m!`b_!dobE}b6~P}«_lnm!d«)`Ep?tK}_!doqp?tnmly~±b
qµlnm!pPbmln`E~Y«k=d_]dm!k=d,_]dobE}jU`E~.\=lKjUmqs«)lnm!kYb6~=`Em!k=d_.ln~PjU_!dcd~?mE@  dEd~m!k=`Ep=aOk @A}?`doq)~=`Om
jU`E~.\=lKjUm«)lnm!k @ :§´®­djb+ttgm]k=doqdYcln~?lnc¤b+t`OrPd_b6m|ly`O~Pq«)lnm!k¹qdc¤b6~?mlKjjU`Eccp=mb6m|lyOlnm
r=_!`OrPd_!mlndoq; !#= I/M%@@</1	<	/	§
,	$    ¼Ep=r=r£`qdm]kPb6mln~(q|`Ecdj]k=`Er=r?ln~=a:<;  5  zPm«)`r?lydojUdoqWzq!b+5b6~P} 5 :z	`6¢ m!_Ub6~=¥q!bOjUmln`E~ln~PqmUb6~PjUd	 b6_!d)ln~Yb6~¼= ¥xjU=j]tydb~P}m!k=d A~Pj]tn`qly~=a `E~.\=lKjUm)hq!qp=cr=mln`E~k=`t©}=qW§
6)k=d~5b6~P} 5  «)lttb+tKq`{Pdsln~Yb6~¼= ¥xjU=j]tndly~Yj]k=`Er=r?ln~=a:<;  5  «sk=d_!d :<;  5  lKql©}?d~?mlKjb+tm!` :<;  5  «)lnm!k _!dab6_}m!`m!_b~Pq!bEjUmln`E~ln~Pqmb6~PjUdzP{=p=mln~­«k?lKj!k ~=``Em!k=d_m!_b6~Pq!bOjUmln`E~ln~Pqmb~PjUdlKqj!k=`Or=rPdo}²³l³§ dE§nzPb+tt`Em]k=d_,m!_Ub6~Pq!bEjUmln`E~ln~PqmUb6~PjUdoq,b_!d_!dr=_!doqd~?m!do}¸{b¤qly~=atyd
r?lndojUd6´§
	

¼6ln~PjUd 5b6~P} 5 jU`EcRdA¢:_!`Ec ­m]k=d_!dAlKqAb6~R¼E¥:do}?aEd {£dm«)dd~m!k=dc ln~{P`Om!k,:<;  5  b6~P} :<;  5  §¼6ln~PjUdm!k=d¤b6_]dly~Yb~¼= ¥xjUj]tndEz£m!k=d_!ddU?lKqmqb6m.tndobEqms`E~=dr?lndojUd 5  	`6¢-q|`Ecdm!_b6~Pq!bOjUmln`E~
ln~Pqmb~PjUd   ln~­m]kPb6mgjU=j]tndE§¨d_!a6ln~=aYb+tt r?lndojUdoq4`6¢  ¡ly~?m!`Ybqµln~=a6tndr?lndojUd²:lx§àdE§nz H´,jb6~
`E~?tn¹qk=`E_!m!d~·m!k=dtnd~=aEm]k `¢m!k=dÃjU=j]tndÃ{?Àm!k=d A~Pj]tn`qµln~=a .`E~.\=lKjUm¤hq!qp=cr=m|ly`O~§(6)k=d
b6_]aEp=cd~?mb6r=r?tlndoqm!`dEd_!­m!_Ub6~Pq!bEjUmln`E~¶ly~Pq|mb6~PjUd`Em!k=d_m!kPb6~  kPb+Oly~=ar?lndojUdoq4ln~Àm!k=d
jU=j]tndE§

¡lyaOp=_!d lvttnpPqm!_Ub6m!doqm!k=d4aE_b6r=kjU`6tt©brPqµln~=aÃqp=aEaOdoqm!do}{?Ym]k?l©qªtndcc¤b=§	^Ap=m]mln~=am!k=d
m!k=_]ddr?lndojUdoq`¢ 6ly~?m!``O~=d«)ltvt tndob+EdQ6eln~ÃbRjUj]tndEz	q`«)lttj]k=`Er=r?ln~=aE64¢:p=_!m!k=d_o§
6)k=doqd m«)`)tndcc¤bOq	tndobE}}Oln_!dojUmtnm]`,b,q|qm]dc¤b6mlKjAcRdm!k=`}g¢H`O_j!k=`Or=r?ly~=am]_b6~Pq!bEjUm|ly`O~Pq
bEq 3P~=dUtn¤bEq.r£`q!qµln{?tndE§£ `E~PqµlK}?d_,b6a?b+ln~m!k=dqdm `6¢m!_Ub6~Pq!bEjUmln`E~ly~Pq|mb6~PjUdoq  B  BCB
|d|ºÊ('A
e    
	
 !#"%$&'(*)+%,%-./10
      




   

 
  
 
;
 
; ;
 
;

¡lnaEp=_!d&7
m!kPbm,jb6~Y_]p=~ln~Ym!k?lKqªln~m!d_]ub+tx§£®­d«)lttAmb6¬EddobEj]kYm!_b~Pq!bEjUmln`E~ln~Pqmb~PjUd ln~m!p=_!~§é®­d
jb+tt .:  B :  BCB :  b ;<A%=/ @";; $ `6¢   z£}?d~=`Em!do}r=_lnubm!d6²   ´Uz?l¢
eE§.:  B :  BB :  l©qsb_!`6ttn{PbEj]¬¥xq!bu¢Hdj!k=`Er=r?ln~=a`6¢  Á=b6~P}
=§)m!k=d_!dlKqs~=`¼= ¥xjU=j]tyd4ln~Ym]k=daE_b6r=k«k=`?qd~=`}?doqb6_!d
  BB   B4:  B :  BB4:  B   BB   ?§
6)kPb6m)lKqzém!k=daE_b6r=k`¢b+tt`Om!k=d_m!_b~Pq!bEjUmln`E~ln~Pqmb~PjUdoqr?tnpPqsm!k=dj!k=`Or=r?ly~=a`6¢   §
 3#<&)(F$   ^A_!`6Ol©}?do}Rm!k=d A~Pj]tn`qµln~=a.`E~.\=lKjUm/hq!qp=cRr=mln`E~k=`6tK}=qz?m!k=d,j]k=`Er=r?ln~=a¤jU`E~PqµlKq¥
mln~=a`6¢ 4578$@)=?W6²   ´z9578$@)=?W6²   ´ B 578$@)=?W6² E´ lKq_!`6ttn{PbEj]¬¥xq]b+¢Hdb6~P} kPbEq4~=`±¼= ¥jU=j]tndoq§
	

° )`6ttn{PbEj]¬¥xq!bu¢Hd%7sm!k=d­j!k=`Er=r?ln~=a l©q_]`6tty{PbOj!¬?¥xq!b+¢:d­{PdojbpPqd(b+ttlnmqjU`E~Pqm|lym]p=d~mqb_!d
_!`6ttn{PbEj]¬¥xq!bu¢HdE§
° »`¼=.¥xjUj]tndoq7Ol¢m!k=d_!d)«)d_!d,b6~¼= ¥xjU=j]tnd,m!kPbm ly~?E`6tnEdo}m«)`r?lndojUdoqA`¢ r=_|ly6b6m!d6² µ´z
m!k=d~¿	dcc¤bªlncr?tlndoq m]kPb6mm]k=dªjU=j]tnd.l©q.qmlttPr=_!doqd~?mdOd~l¢b+ttP`Em!k=d_ m!_b6~Pq!bOjUmln`E~
ln~Pqmb6~PjUdoqb6_!d~=`Emj!k=`Er=r£do}	§ P.p=mm]kPb6mjU`E~m]_bE}OlKjUmq)m!k=d}?d3P~?lnmln`E~`6¢r=_lnubm!d6² x´U§
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 e+
  +("(  '  *
!% ')"$
6)k=d`O_!dc ÃlycRr?tvlndoqm!kPbml¢«/dYjb~Â}Ol©q]jU`uOd_ bO3P~=d¥:aO_b6~?p?t©b_lnmÀr=_|ly6b6m!d6² µ´¢:`E_dobEj]k
zm]k=d~À«/djb6~pPqmmb¬Edm!k=dUln_p=~?ly`O~§!
=`E_]c¤b+ttnEzm]k=d$+/1	G*@.";%; $¸`6¢ ²x«k=`?qd
dU?lKqm!d~PjUd«)d«)ltvtAr=_!`6Ed6´ lKq
° br=_lnubm!dj]k=`Er=r?ln~=a¤`¢   Á
° l¢ r?lydojUdE5lKqbcdc{Pd_`6¢Am!k?lKqr=_|ly6b6m!dj!k=`Er=r?ln~=aPz£m!k=d~m!k=d_!dlKqs~=``Em!k=d_sr=_lnub6m!d
j!k=`Or=r?ly~=a`6¢   jU`E~?mb+ln~?ln~=a 5  b6~P} 5  «k=d_!dE5  b6~P} 5  rPb6_!mlnmln`E~ 5­b6~P}~=dUlnm!k=d_lKqdcr=mE§
6)k?lKqqp=aEaEdoq|mq)m!k=d¢:`6ttn`u«ªly~=ab+tnaE`E_|lym]k=c 7
$(F& 4#-  (+ 	3#&  ²   B   BE´¢H`E_sdobEj!k
E@xTW (7!J 3P~=doqmj!k=`Er=r?ln~=a`6¢  ¡«)lnm!kY_!doq|rPdojUmm!`p=~Pj!k=`Er=r£do}¸ly~Pq|mb6~PjUdoq
`6¢Am!k=d`Em!k=d_sm!_b6~Pq!bOjUmln`E~Pq§
d~P}¢:`E_oÁ
m!k=dY3P~=doqmj!k=`Er=r?ln~=aRlKq
	E@T W  B
E@T W  B   B
E@T W  
®­d4~=`6« alyOdb6~Yb+tnaE`O_lnm!k=cm!`#3P~P}¸m!k=d*3P~=doqmr=_|ly6b6m!dj!k=`Er=r?ln~=a`6¢ §
    &)( %C3   #$/ 3#& 7
ln~?lnmlKb+tln¦ob6mln`E~d7
l¢ m!k=d_]db6_!d_!`6ttn{PbEj]¬Yqmb6m]dcd~mUq m]k=d~
5  7 J b+tt-}=b6mb6{PbOqd«_lnm!doq)`¢  m]kPb6m)c¤b+¤`=jjUp=_{PdU¢:`E_!d4`E_,jU`E~PjUp=_]_!d~m|ty«)lnm!kb6~R_!`6ttn{PbEj!¬Yq|mb6m!dcd~?m.ln~ 
dUtKqd
5  7 J qdm,jU`E~PqµlKqm|ly~=a`6¢Am!k=d*3P_qmsr=_lnclnmlnEd}=b6mb6{PbEq|dgbEjjUdoq]qd~P}
 7!J     lKqbr=_lnclnmlnEd}=bmb6{PbEqdbOjjUdoq!q)~=`Em)ln~ 5    5  Á
cRd_!a6ln~=a¤r?lndojUdoqs`6¢Am!_b6~Pq!bOjUmln`E~ bEq!q|p=cln~=a J  5  BB'5  7
.`E~PqµlK}?d_,m]k=daE_b6r=kkPb+Oly~=a b6~P}b+ttp=~Pj!k=`Or=rPdo}m!_b6~Pq]bEjUmln`E~Rly~Pq|mb6~PjUdoq
{£doqµlK}?doq  bEq)~=`=}?doqb6~P}do}?aEdoq}?d3P~=do}{? R§
|d|ºÊ('A
P  
	
 !#"%$&'(*)+%,%-./10
.`E~Pqm!_!pPjUmsm!k=djU`E~=~=dojUm!do}jU`EcrP`O~=d~mqª`6¢-m]k=daE_b6r=kln~P}?pPjUdo}{?¤m]k=d do}?aEdoqÁ
p=r	}=b6m!d {PbEqdo}`O~m!k=d¢:`6ttn`u«ªly~=a_!p?tnd%7
¢:`E_dobOj!kYjU`E~=~=dojUm]do}YjU`Ecr£`E~=d~?m 5   B'5   B   B 5  +zOl¢ m!k=d r?lndojUdoq`¢^·b6_!dqpPj]kYm!kPbmW   W       W   8?z?m!k=d~r=p=mb+tt-bEjjUdoq]qdoq)`6¢ 5   B 5   B   B'5  ªly~?m!` 5  b~P}m!k=d~_!dcR`uOd 5   B   B 5  §
jbutvtAm!k=d_!doq|p?tym|ly~=arPb6_!m|lym|ly`O~#
¡ln~=d6 k=`Er	² ´

¡lnaEp=_!d Yqk=`6«,qb~­dUébcr?tnd¤`6¢b53P~=d¥xj]k=`Er=r?ln~=a­`6¢)m!_b6~Pq!bOjUmln`E~ln~Pqmb6~PjUd56a6lnEd~±b
jUd_!mUb+ln~Yqdm)`6¢jU`E~.\=lKjUmqb6~P}bEq]qp=cln~=am!kPb6mqmb6m]dcd~mUqAjb6~{Pd_!d`E_}?d_]do}Rly~Yb~`O_}?d_o§
¼6ln~PjUdm!k=d_!db6_!d)~=`_!`6ttn{PbEj]¬qmb6m!dcRd~mqWzodobEj]kr?lndojUdgqmUb6_!mq¡`6¯¤{£dUly~=abqµln~=a6tndgbOjjUdoq!q§6hq¥
qp=cly~=a~=`_!`tvtn{PbEj]¬qmbm!dcd~?mqz6)jb6~{£d 3P~=d¥xj]k=`Er=rPdo}sln~?m!`  .= ?B  $B9B ?B .: ?B DW  §
½³¢  $B9B ¤«)d_!dqp={8}OlnOlK}?do}¹¢:p=_!m!k=d_ozm!k=d_!dY«)`Ep?tK} {PdÃb~ ¼= ¥xjU=j]tndYln~¹m!k=dj!k=`Er=r?ln~=a
aE_Ub6r=k§
	 		 	 		


 
 
 
 










              









 
 
 
 

 
 


> M F Z 3 

¡lnaEp=_!d&7

 $ $(  &   
 $ 4*  6ªk=ddU=rPd~PqlyOd¤rPb6_]m,`6¢ m]k=dbutyaO`E_lnm!k=cºlKq 3P~P}Oln~=aYm!k=djU`E~=~=dojUm!do}
jU`EcRrP`E~=d~?mq`¢ m!k=daE_b6r=kln~P}?pPjUdo}­{? `E~­b+tt m!_b6~Pq!bOjUmln`E~ly~Pq|mb6~PjUdoq{£doqµlK}?doq  b6~P}
m!k=dr?lndojUdoqln~ §	® dkPb+EdbEq]qp=cdo}b~Pb+lnEd4lncr?tndcd~mUb6mln`E~ln~­«k?lKj]k­m!k=djU`E~=~=dojUm!do}
jU`EcRrP`E~=d~?mqb6_!d4_!dojU`Ecr=p=m]do}¢:`E_dobEj]kÃm]_b6~Pq!bEjUm|ly`O~ln~Pqmb6~PjUd b6mbjU`qm`6¢²UW X>Z´
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 ée
mlncd4ln~­m!k=d«)`E_q|m,jbEqdEz£«k=d_!dMW4lKqm!k=d4~p=c{Pd_`¢ do}?aEdoqsln~m!k=dm!_b6~Pq!bOjUmln`E~YaE_Ub6r=k
b6~P}5Z l©qªm!k=dgqly¦d`¢¡^ §£¼6ln~PjUdm!k=d_!db6_!d~¤m]_b6~Pq!bEjUm|ly`O~PqzEm!k=dm!`EmUb+tPmlncdsl©q ²UT¡²UW X Z´!´§
½µ~m!k=dq?~mbOjUmlKj jU`E~.\=lKjUm cR`}?dUtxzI3P~P}Oln~=am!k=d/jU`E~.\=lKjUmq.jb6~{Pd,}?`O~=d ln~mlncd)r=_!`Er£`E_!mln`E~Pbut
m!`q`E_!mln~=a¤butvt m!k=dub6_|l©b{?tydoqm]`EpPj!k=do}{?m!k=dm!_Ub6~Pq!bEjUmln`E~r=_!`EaO_b6c¤q§

 $ $( E& /& -$   . *	2  2 ®­d~=`6« dU=r?tKb+ln~Ãk=`6«m!``E{=mUb+ln~Ym!k=dqdm  `¢ r=_lnclnmlnEd}=b6¥
mb{PbEqdbEjjUdoq!qdoqpPq|do}ln~­m]k=d 
¡ln~=d6 k=`Or¶butyaO`E_lnm!k=cº¢:_!`Ecºm!k=db6~Pb+tnql©q`¢ªbRm!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6cY§6)k?lKqlKqqm!_Ub+lnaEkm|¢H`E_]«ªb_}R¢H`O_ty`?`Er=¥L¢:_!dd¤jU`=}?d%7jU`E~Pq|m!_!pPjUmb`O~=d¥:m!`E¥:`E~=djU`E_!_]doq¥
r£`E~P}?d~PjUd¤{£dm«/dd~m!k=d}=b6mUb6{PbEqdbEjjUdoq!qdoq`6¢ m]k=dm]_b6~Pq!bEjUm|ly`O~YdU=dojUp=mln`E~ln~Pqmb6~PjUdb6~P}
m!k=d}=bmb6{PbEqds`ErPd_bmln`E~Pqly~m]k=dm!_b6~Pq!bOjUmln`E~r=_!`EaO_b6cY§ 
=`E_ty`?`ErPqzédobEj!kRlnm!d_b6m|ly`O~¤`6¢ m!k=d
tn`?`ErlKqbqdrPb6_bm!dqdm`6¢ }=b6mb{PbEqdbEjjUdoq!q|doqÁPq`m«)`4lnm!d_b6mln`E~Pqsc¤b+{Pdln~m!k=dq!b6cd`O_
}Ol¯d_!d~?mr?lndojUdoq§7
s`u«)dEd_.ln~c¤b6~?¤jbEq|doqz?dUlym]k=d_,b+ttm!k=dlnm!d_Ub6mln`E~Pq)«)ltt{£dly~`O~=d,r?lndojUd
`E_b+tt«)ltt-{£dln~Ã}Ol¯d_!d~?mr?lndojUdoq§

 $ $(  &  3$$(F#- /&-$  ~?mltP~=`6«­«)d)kPboOd/bEq!q|p=cdo}m!kPbmm!k=d_]d lKqAbs`E~=d¥:m!`E¥:`O~=d/jU`E_!_]doq¥
r£`E~P}?d~PjUd{£dm«)dd~m]_b6~Pq!bEjUm|ly`O~ln~Pqmb~PjUdoq/b~P}m!_Ub6~Pq!bEjUmln`E~Rr=_!`EaE_bc¤q§%6)k=dbEq!qp=cRr=mln`E~
c¤bO}?d`Ep=_/}OlKq!jUpPq]qµln`E~¤dobOqµlnd_ozE{=p=mlymlKqAmlncdm]`}?_!`Erlnmo§6½µ~¤m!k=dsaEd~=d_b+t8jbEq|d²x`E~=d)`E_Ac`O_!d
m!_Ub6~Pq!bEjUmln`E~ln~PqmUb6~PjUdoqs¢H`O_/m]k=dq!b6cRdm!_b6~Pq!bOjUmln`E~r=_!`EaE_Ub6c´zO«/djU`E~Pqm!_]pPjUmm!k=dln~=r=p=mm!`
hstnaE`E_lnm!k=c 
¡ln~=d6 k=`ErbEq¡¢:`6tty`6«,q176l¢«)d¬?~=`u«Àm]kPb6m ~=`4m«)`ln~Pqmb~PjUdoqA`6¢balyOd~m!_b6~Pq]bEjU¥
mln`E~r=_!`EaE_Ub6c«)ltt-dU=dojUp=m!djU`E~PjUp=_!_]d~mtnEz£«)d«)ltt-_]dr=_!doqd~?m,m!kPbmm!_b6~Pq]bEjUmln`E~r=_!`EaO_b6c
`E~PjUdln~Ãb+tnaE`E_|lym]k=c 
¡ln~=d6 k=`ErÁ£`Em!k=d_!«)lKqdEzé«/d«ªlvttA_!dr=_!doqd~?mm!kPb6m)m!_b6~Pq]bEjUmln`E~r=_!`EaO_b6c
m«)lKjUdln~­m!k=db+tnaE`E_lnm!k=c ²!¼Edd3PaEp=_!dYe#P¢:`E_b6~­dUPb6cr?tndE§´J6)k=dR_!dobEq`E~m«)lKjUdlKqd~=`Op=aEk
lKqm!kPb6msl¢/m!k=d_]dlKqb¤jU=j]tndln~m!k=d¼= ¥:aE_b6r=k«k=d~cp?tym|lyr?tndln~PqmUb6~PjUdoq`6¢/bRm!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6cÂb6_]d/r=_]doqd~m+z6{=p=mA~=`EmA«k=d~m!k=d_]d)lKq `E~?tn`O~=d,qpPj]kln~Pqmb6~PjUdEz6m!k=d~Rm!kPb6m jU=j]tyd
cpPqmm!`EpPj]kYm«)``E_,cR`E_!dbEjjUdoq!q|doq`6¢ 4§P½µ~Ãm]kPb6m,jbEqdEz£{PdojbpPqd`6¢-m]k=dq?ccdm!_]`6¢ 
do}?aEdoqWz=m«/`4ln~Pqmb~PjUdoq`6¢Am!k=dq!bcdr=_!`EaE_Ub6c m!dUmb6_!dqp 	 j]lnd~?m,m]`_]dEdob+tm!k=d¼=.¥xjUj]tndE§
¨Y`O_!d`6Ed_ozqly~PjUdhstnaE`E_lnm!k=c 
¡ly~=d6.k=`ErlKqb+tKq`q?ccdm]_lKj6zm]k=dm«)`jU`Er?lndoq`6¢  «ªlvtt
{£dÃj]k=`Er=rPdo} ln~Âm!k=dq!b6cd«b+EzAq`(b+ttln~PqmUb6~PjUdoq«ªlvtt{Pdj!k=`Er=r£do}·`6¢gm]k=dm!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6c «ªlvtt{£d¶j]k=`Er=r£do}Àln~¹m!k=dq!b6cd«ªb+E§A½µ~ qp=cYz.«/dYj]k=`Er¹r=_!`EaO_b6c¤qb~P}Àm!k=d
_!doq|p?tymly~Âj]k=`Er=r£do} ly~Pq|mb6~PjUdoq§A® d¤d~Pj]tn`qdm«)`ÃjU`Or?lydoq`6¢m!k=d¤m]_b6~Pq!bEjUm|ly`O~(r=_!`OaE_b6c ly~
hstnaE`E_lnm!k=c 
¡ly~=d6.k=`Er`E~?tnYl¢)m«)``E_c`E_!dly~Pq|mb6~PjUdoq`¢/m!k=dm!_b~Pq!bEjUmln`E~c¤b+dUdojUp=m!d
jU`E~PjUp=_]_!d~m|tyE§
 `O~PqµlK}?d_ ~=`6«Àm!k=d^Ap=_j]kPbEqd)m!_Ub6~Pq!bEjUmln`E~r=_!`OaE_b6c`6¢ -ébcr?tndge)¥¡½x~?Ed~m]`E_!b6~P})bEqk§
)dojbutvtAm!kPb6msm!k?lKqm!_Ub6~Pq!bEjUmln`E~RlKq7
eE§.l¢²F5HG jbEqk	´ o_!`6ttn{PbEj]¬ 
=§)dUtKqdln~?Ed~m]`E_! @I7!J¹ln~?Ed~m]`E_! @IX 5Á
=§jbEqk 7!J jbOqkMLN5Á
|d|ºÊ('A
E  
	
 !#"%$&'(*)+%,%-./10
6)k=dln~?lym|l©butvln¦ob6m|ly`O~(qm!dr`6¢!
¡ln~=d6 k=`ErElndUtK}=qm!k=dr?lndojUdoq7
5  7)dobE}jbEqk²:¢:_!`Ectln~=d e´Á
5  7)®­_lnm!dln~?Ed~m]`E_!²:¢H_]`Ectvln~=d?´Á
5  7)®­_lnm!djbEq|k­²:¢:_!`Ectln~=d´§
¼Ep=r=r£`qdm!kPb6m«)dkPboOdb6~=`Em]k=d_r=p=_j]kPbEqdm]_b6~Pq!bEjUm|ly`O~ §+6ªk=d~Ym!k=d4aE_b6r=k¸ly~P}?pPjUdo}¶{
m!k=d  do}?aOdoqsl©qq|k=`u«s~Ã`O~ 
¡lnaEp=_]d Q§	^ lndojUdoq 5  b6~P} 5  «)ltt {PdRcd_!aEdo}	§R{Pqd_!EdRm!kPb6m
	 		
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
     

¡lnaEp=_!dRQ7
m!k?lKq4j!k=`Er=r?ln~=aY}?`?doq~=`Em}?drPd~P}¶`E~m!k=d~?p=c{Pd_`6¢jU`E~PjUp=_!_!d~?m,r=p=_Uj!kPbEq|dm]_b6~Pq!bEjUm|ly`O~Pq
jU`E~Pql©}?d_]do}Y«sk?lvtnd_!p=~=~?ln~=am!k=d
¡ln~=d6 k=`ErÃbutyaO`E_lnm!k=cY§
 3#<&)(F$    
¡ln~=d6 k=`Er	² ´AlKq)m!k=d3P~=doqm,j]k=`Er=r?ln~=a¤`6¢ §
	

®­dcpPqmr=_!`6Edm«)`Ym!k?ln~=aq17 
¡ln~=d6 k=`Or	² ´lKqb¸r=_lnub6m]dYj!k=`Er=r?ln~=a­`¢ b6~P}¶lnm4l©qm!k=d
3P~=doqm`E~=dE§
° 
¡ln~=d6 k=`Er	² ´l©qbr=_ln6b6m!dj]k=`Er=r?ln~=a`6¢  7
eE§)`6ttn{PbEj]¬¥xq!bu¢Hdm7 {?­ln~Pqr£dojUmln`E~¹`6¢m!k=dYb+tnaE`E_lnm!k=c§6)k=dln~?lnmlKb+tln¦ob6mln`E~ q|m!dr
jU_!dob6m!doqbR_!`6ttn{PbEj]¬¥xq]b+¢HdRrPb6_!mlnmln`E~§d6)k=dcd_]a6ln~=aYqm!dr­jb6~`E~?tn­jb6pPqdE5  m!`{PdojU`EcRdtKb6_!aEd_+§
=§»` ¼= ¥xjU=j]tydoq17b6~?­qpPj!k±jUj]tnd«)`Ep?tK}¶ly~?E`6tnEdbrPb6m!k­m!k=_]`Ep=aEkm!k=d¤jU`E~.\=lKjUm
aE_b6r=k{Pdm«)dd~m«)`}OlKqm|ly~PjUmsr?lydojUdoqª¢:_!`Ec E@xTW  ;  5	² ´§&6)k=dcd_!a6ln~=a¤q|m!dr
«)`Ep?tK}kPb+Edcd_!aEdo}b6~Rm«)`qpPj]kYr?lndojUdoqsm!`¤bqµln~=a6tnd4`E~=dE§
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 O
° »`Rr?lydojUd`6¢$
¡ly~=d6.k=`Er	² ´jb6~{Pd¢Hp=_]m!k=d_,j]k=`Er=rPdo}7
¼Ep=r=rP`q|d 5lKqbRr?lndojUdln~ 
¡ln~=d6 k=`Or	² ´§¡¼Ep=r=rP`q|dm!k=d_!d4«/d_]dbRr=_lnubm!dj!k=`Er=r?ln~=a
   E@xTW4`6¢  m!kPb6m)rPb6_!mlnmln`E~Pq 5ln~?m!`m«)`~=`O~=¥:dcr=m qp={Pq|dmq#-b6~P} 8?§
eE§(6)k=dbEjjUdoq!q|doq)ln~ -b6~P} 8_!doqp?tnms¢H_!`Oc m]k=dcd_!a6ln~=a¤qm]dr§=½x~m!kPb6mjbEqdEz=m]k=d_!d
lKqb4rPb6m!kR¢H_!`Oc -4m!`8jU`E~PqµlKqmln~=a`6¢. ¥:do}?aEdoq)m!k=_]`Ep=aEkm!k=d,`Om!k=d_)m!_b6~Pq!bOjUmln`E~
ln~Pqmb6~PjUdoq§
6)k?lKq£lncr?tlndoqAm!k=dAdU?lKqm!d~PjUd.`6¢éb~¼= ¥xjUj]tnd.¢:`E_j]k=`Er=r?ln~=a    E@xTWO§
=§^ lndojUd 5 l©q^3P_qmr?lndojUd 5  Á b~P} -Yb6~P}N8dobEj]kÂjU`E~?mb+ln~À_!`6ttn{PbEj]¬ qmUb6m!dcd~?mq`6¢ 5  bOqjU`E~Pqm!_!pPjUm]do}Àln~ m]k=dln~?lym|l©butvln¦ob6m|ly`O~ qm!dr§¼E`Pz)`E~=d `6¢ -±`E_ 8 c¤b+jU`Ecclnm{£dU¢H`E_]dYm!k=d`Em!k=d__!`6ttKq{PbOj!¬À{? jU`E~Pq|m!_!pPjUmln`E~·`6¢ 5  §6)k?lKq«)`Ep?tK}Eln`6tKb6m]d_!`6ttn{PbEj]¬Yq!b+¢:dmE§
   ')
 "(
&
 #
*)
* 
	&!)' "$ 
 

2 lyOd~m!k=djU`E~.\=lKjUm,do}?aOdoqz=}?d~=`Em!do} do}?aEdoqz?«)db6r=r?tnhtnaE`E_|lym]k=c 
¡ln~=d6 k=`ErYm]``O{=mb+ln~
m!k=dr?lndojUdoq§6)k=d Ep=doqm|ly`O~(m!k=d~±{PdojU`Ocdoq7 k=`6« qk=`Ep?tK} «)ddUdojUp=m]d¤m!k=dr?lndojUdoq`6¢dobEj]k
m!_Ub6~Pq!bEjUmln`E~4ln~Pqmb~PjUd,_!doq|p?tym|ly~=a¢H_]`Ec m!k=d 
¡ln~=d6 k=`Erb+tnaE`E_lnm!k=c/)½x~RrPb6_!mlKjUp?tKb6_ozlv¢br?lndojUd
}?`?doq~=`Emsly~Pj]tnpP}?djU`E~PqdojUp=mlnEd}=b6mb6{PbEq|d`Er£d_b6mln`E~Pqz£m!k=d4r=_!`EaE_bc c¤b+kPb+Ed4m!`¤{£d_!d¥
«_|lym]m!d~Y`E_)r?lndojUdoq«)ltt-kPb+Edm]`{£dcd_]aEdo}	§

é`E_dUPb6cr?tndEz8jU`O~PqµlK}?d_,m!k=d^p=_j]kPbEqdm!_b~Pq!bEjUmln`E~r=_!`OaE_b6cY§
eE§.l¢²F5HG jbEqk	´ o_!`6ttn{PbEj]¬ 
=§)dUtKqdln~?Ed~m]`E_! @I7!J¹ln~?Ed~m]`E_! @IX 5Á
=§jbEqk 7!J jbOqkMLN5Á
½µ~m!k=d.r=_!dEln`EpPq qdojUmln`E~zW«/d q|k=`u«)do}m!kPbm8m]k=d hstyaO`E_lnm!k=c 
¡ln~=d6 k=`Er}OlnElK}?doq m!k=d.r=p=_j!kPbOqd
m!_Ub6~Pq!bEjUmln`E~ln~?m!`m«)`qdmq)`6¢ }=b6mb{PbEqd`ErPd_bmln`E~Pq7
^seM7)dobE}jbEqkz=® _lnm!djbEqk 
^.E7®­_lnm!dln~?Ed~?m!`E_! 
®­d4~=`6« kPb+Edm!`}?doj]lK}?dk=`u«m!`dU=dojUp=m!dm!k=doqd4m«/`Rr?lydojUdoqW§^ecpPqm{Pd4dUdojUp=m!do}a3P_q|m
{£dojb6pPqdlnmc¤b+dUdojUp=m!dbR_!`6ttn{PbEj]¬Yqmb6m!dcRd~mo§£^ jb6~Y{£ddU=dojUp=m!do}­bu¢Hm!d_^e4{Pdojb6pPqd
lnm.lKq/q|dc¤b6~?mlKjb+ttyubutvlK}m!`4rPd_!cp=m!dstln~=doqb6~P}ln~m!k=ds`E_lna6ln~Pb+t^Ap=_j]kPbEqdsm!_b6~Pq!bOjUmln`E~
r=_!`OaE_b6cY§&6)k?lKqsElndUtK}=qm!k=d¢:`6ttn`u«ªly~=a_!d«_|lym|ly~=a`6¢m]k=d^Ap=_Uj!kPbEq|dm!_b6~Pq!bOjUmln`E~r=_!`EaE_Ub6c 7
|d|ºÊ('A
6  
	
 !#"%$&'(*)+%,%-./10









 
 
 
 
 
 
    >
 
   MABvZ BFB      3	
 

¡lnaEp=_]d   7  Pb6cr?tnd4`6¢ hdr£d~P}?d~PjU 2 _b6r=k
6eM7){Pda6ln~:6eEÁ?l¢)²F5 G jbOqk	´ o_!`tvtn{PbEj]¬ dUtKqdjbEq|k 7!J jbEqk LN5ÁPjU`Ecclym+Á
6sE7){Pda6ln~:6=Á?ln~?Ed~m]`E_! @I7!J¹ln~?Ed~m]`E_! @IX 5ÁPjU`OcclnmoÁ
»s`Em!d­m]kPb6ml¢tln~=doqÀb6~P} ±«)d_!d­~=`OmYjU`Eccp=mb6mlnEd«)d«)`Ep?tK}¹kPb+EdkPbE}¹m!`Àcd_]aEd
^seÃb6~P}¹^.ln~m!`À`O~=d qp=r£d_!r?lndojUd#=§(6)k?lKqqdojUmln`E~¹dU=r?tKb+ln~Pqk=`6« m]`(bEjjU`Ecr?tlKqk m]k?l©qW§
Rp=_b+tnaE`E_lnm!k=c d~mbulvtKq`O~?tyÂb~Pb+tnqµlKqR`6¢ln~P}OlnElK}?pPb+tm]_b6~Pq!bEjUm|ly`O~Àr=_!`EaE_bc¤q§6ªkpPqz-lymUq
jU`EcRr?tydU?lnmYq!jb+tndoq)tln~=dob6_tn«)lnm!kYm!k=d~?p=c{Pd_`6¢m!_Ub6~Pq!bEjUmln`E~PqW§

¡ln_qm+zA«)ddoqmb6{?tlKqk }=bmb­}?drPd~P}?d~Pj]lndoq¸{Pdm«)dd~Âr?lndojUdoqRln~PqµlK}?dÃdobOj!kÀm!_Ub6~Pq!bEjUmln`E~±ln~Pq¥
mb~PjUdE§6)k=doqd}?drPd~P}?d~Pj]lndoqb6_!d_]dr=_!doqd~?m!do}­{?­bY}Oln_!dojUm!do} aE_br=kzjb+ttndo}±m!k=dE Y/?;&/A$
,%/I$+@IH
(?;zE«k=`?qd,~=`=}?doq)b6_!dr?lndojUdoqb~P}«k=`qddo}?aEdoqz?}?d~=`Em!do}a  /, %/1	êzEb_!dg}?d3P~=do}
bEq/¢H`6ttn`6«,q§+6ªk=d_!dlKqbMh do}?aEd¢:_!`Ec r?lndojUdE5m!`r?lndojUdE5 £l¢7
° ^ lndojUd 5kPbEqAbqmbm!dcd~?m >)«sk?l©j]kUr=_]dojUdo}?doqbqmb6m]dcd~m >?`¢8r?lndojUd 5 £²:lx§àdEz6m]k=d_!d
dUlKqmUq,b4rPb6m!kln~m!k=d^_!dojUdo}?d~PjUd 2 _b6r=ks¢:_!`Ec >4m!`>³´/b6~P} >b6~P} > jU`E~.\=lKjUmoÁ=`O_
° r±lKqm!k=d 3P_qmr?lndojUdÃb6~P}±jU`E~?mb+ln~Pqb_!`6ttn{PbEj]¬ qmUb6m!dcd~?mo§A²?6)k?lKqrPb6_!mb6{£`Ep=mm!k=d
_!`6ttn{PbEj]¬Yqmb6m!dcRd~m.lKq_]d Ep?ln_!do} ¢H`E_s_!`6ttn{PbEj!¬?¥xq!b+¢:dmE§´
)dojbutvtm]kPb6mln~?m!d_!¥:m!_Ub6~Pq!bEjUmln`E~¹jU`E~PqµlK}?d_b6m|ly`O~Pqb6_!dY~=` tn`E~=aEd__!dUtnd6b6~m{PdojbpPqd­hstyaO`E¥
_lnm!k=c 
¡ln~=d6 k=`Er­b+tn_!dobE}?m]``E¬jb6_!d4`6¢Am!k=dcYÁh do}?aEdoqjU`E~PjUd_!~`E~?tnly~?m!_b¥:m!_b6~Pq!bOjUmln`E~
}?dr£d~P}?d~Pj]lyd6q§
6)k=dRaE_b6r=kln~P}?pPjUdo} { h do}?aEdoqc¤b+kPboOdbjU=j]tndE§$
=`E_dUPb6cr?tndEzjU`O~PqµlK}?d_ 
¡lnaEp=_]d =§
hq!qp=cdm!kPbm¤dEd_] qµln~=a6tnd­r?lndojUdM=£z 6z§n§n§)jU`E~PqµlKqmUq`6¢b(qly~=atyd·¼=¾,¿ qmbm!dcd~?mo§A½:¢ 
r=_!dojUdo}?doqR:¤b6~P} :r=_!dojUdo}?doq ln~Àm!k=d`E_lna6ln~Pb+t)m!_b6~Pq]bEjUmln`E~±r=_!`EaE_bc b6~P}l¢ :jU`E~.\=lKjUmq
«)lnm!k b6~P}  m!k=d~Àm!k=d_!dRlKqb h do}?aEd¢H_]`Ec  $B9B m!` .: Yb6~P}±ElKjUdEd_q!b=§¡½x~Àm!k?lKq
 wÙ+Ð-ìéÈ:ÐäÐî+ÐÊ+äÐ ÈxÉyoÙÈ:Ð?yoÈ:ÐÍ:ÐÊË:ÍË:Ù+ÐyoÈ:ÐäÐîoÐÊoäÐ)È:ÐµævÉ!ËLÎÏÆUÊoÍ:ÙWÎ yî+Ð uÊoÐîÎÏÊÛWÐäËLÎÏÆUÊQ
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	 O
jbEq|dEz	m!k=dm«)`r?lndojUdoqjb6~=~=`Em{PdRdUdojUp=m!do}Ãly~±b6_!{?lnm!_b6_]YjU`E~PjUp=_!_!d~?m`E_}?d_o§£®­dkPb+Edm!`
!#/A /m!k=d¤m«)`Yr?lndojUdoq4ln~?m!`­`E~=djU`E~PqµlKqm|ly~=a `6¢  $B :$B 7B  E§6)k=d`E{=mb+ln~=do}>hdrPd~P}?d~PjU
2 _b6r=klKq)qk=`6«~4ln~ 
¡lnaEp=_!d   ²x«)dkPb+EdbEq!q|p=cdo}m]kPb6m =jU`E~mUb+ln~Pq b_]`6tty{PbOj!¬¤q|mb6m!dcd~?m´§
½µ~ÃaOd~=d_b+txzPb+ttAr?lydojUdoqm]kPb6m,b6_!dln~­b}Oln_!dojUm!do}jU=j]tnd`¢ h do}?aEdoqcpPqms{Pdcd_!aEdo} ln~m!`b
qµln~=a6tnd5	-;&/A ; /@/o§
6)k=d_!dlKqs~=` jU=j]tnd{Pdm«)dd~Ym«)`lnm!d_b6mln`E~Pqs`6¢ bq!b6cRdr=_!`EaO_b6c tn`?`Er§
s`6«)dEd_ozOl¢/b
r?lndojUdjU`E~?mb+ln~Pq)m!k=d*3P_q|mªb~P}m!k=dtKbEqm)lnm!d_bmln`E~`6¢-bq]b6cdtn``OrzPb+ttm!k=dlnm!d_b6mln`E~PqªcpPq|m
{£dcd_!aOdo}«)lnm!kYm!k?lKqsr?lndojUdE§
®­dqp=cc¤b_ln¦dm!k=doqdjU`O~PqµlK}?d_b6mln`E~Pqªln~m!`m!k=d¢:`6ttn`u«ªly~=ab+tnaE`E_|lym]k=c 7
    &)( %C3 1(F<2 $(+"#  ( -$( ²  7.3P~=doq|mgj]k=`Er=r?ln~=a¤`¢b4m!_b~Pq!bEjUmln`E~ln~Pqmb~PjUd ´
 `E~Pqm!_]pPjUmm!k=d}?drPd~P}?d~PjUaE_Ub6r=kY²z  do}?aEdoqê´Á
)do}?pPjUddobEj!kYjU=j]tnd4ly~m!k=d}?drPd~P}?d~PjUaE_b6r=kOlndUtK}Oly~=ab~=d«zPq|c¤b+ttnd_gqdm
`6¢q|p=rPd_!r?lndojUdoq 	
¼Ep=rPd_!r?lndojUdoq«ªlvttA{Pd4dUdojUp=m!do}bEjjU`E_}Oln~=am]`m!k=dUln_g}?dr£d~P}?d~PjUYaE_Ub6r=kÁ
6)k=d`E_U}?d_`6¢-qmUb6m!dcd~?mq.«)lnm!k?ln~­bqp=rPd_]r?lydojUd«)lttA{Pdm]k=d`E_lna6ln~Pb+t_!dUtKb6m|lyOd
`E_}?d_`6¢Am!k=dqmUb6m!dcd~?mqln~ §
6)k=dYjU_|lym|l©jbut,rPb6_!m`6¢,m]k?l©qRb+tnaE`E_lnm!k=c lKqm]k=dY}?dm!dojUmln`E~À`6¢gjU`O~.\=l©jUm|ly~=aÀqmbm!dcd~?mq4«)lnm!k
r=_!dojUdo}?d~PjUdÀ_]dUt©bmln`E~Pqk?lnrPq§Y6)k?lKqYjb6~ {PdÀ}?`E~=d­{? pPqly~=a·m!doj]k=~?l Op=doqjU`Ec{?ln~?ly~=a}=b6mb
b6~P}¹jU`E~?m!_!`tJ\P`6« b6~Pb+tnql©q`¢m!k=dm!_b6~Pq!bOjUmln`E~¹r=_!`EaE_bc qpPj]k bOqm!k=`?qdr=_!doqd~?m!do} ly~
 xz!Q<xz    x§+6ªk=dc`E_!ddU¯dojUmlnEdm!k=dYb_!dEz?m!k=dtndoq!q~?p=cd_!`OpPq)m!k=d^h do}?aEdoq)«)lttA{PdE§
6)k=d)_!doq|p?tym|ly~=a}?drPd~P}?d~PjUaO_b6r=kjb~{£d)pPqdo}m!`_!d`E_!a?b6~?ln¦d/m]k=d m!_b~Pq!bEjUmln`E~4r=_!`EaE_bc¤q7
`E~=djb~¤dU=dojUp=m!dm!k=dqp=r£d_!r?lndojUdoq)ln~Yb6~?`E_U}?d_ªjU`O~PqµlKqm!d~?m/«ªlym]km!k=dg}?dr£d~P}?d~PjUYdo}?aEdoqW§
6)kPbmlKqz	l¢,m]k=d_!dlKqb}?drPd~P}?d~PjU±do}?aEd¢:_!`Ec q|p=rPd_!r?lndojUd5­m]`Yqp=rPd_!r?lndojUd5 .m!k=d~±b+tt
m!k=dqmbm!dcd~?mq `6¢75cpPqm.r=_!dojUdo}?d,m]k=dgqmUb6m!dcd~?mq `6¢75  ly~m]k=d~=d«¹r=_!`EaE_bc dUdojUp=mln`E~
`E_U}?d_o§&R~m!k=d`Em!k=d_ kPb~P}	zEm«)`qp=rPd_!r?lndojUdoqs`6¢bm!_Ub6~Pq!bEjUmln`E~ly~Pq|mb6~PjUd  jb6~{PddUdojUp=¥
m!do} ln~YrPb6_butvtndUt`O_m!k=dUln_,`O_}?d_jb6~Y{£d_!dEd_qdo}	zér=_!`6ElK}?do}m]kPb6mm!k=d_!dlKqs~=`¤}?drPd~P}?d~PjU
do}?aEd4{Pdm«)dd~m!k=dcY§
h }??~Pb6clKjb+ttnrPb6_b+ttndUtbr=r=_!`bEj]kÃjU`E~Pql©q|mq`¢ dUdojUp=mln~=aYbq|p=rPd_!r?lndojUd >bEqq`?`E~YbEqb+tt
qp=r£d_!r?lndojUdoqkPb+Oln~=ah do}?aEd,b6_UjqArP`ly~?mln~=am!`>,jU`Ocr?tndm!dE§&6)kpPqWzj]k=`Er=r?ln~=ajb~¤d~=kPb6~PjUd
ln~?m!_b6¥:m!_Ub6~Pq!bEjUmln`E~4rPb6_b+ttndUtlKqc bEq¡«)dUttébEq _!do}?pPjUd)m!k=d mlncd.tn`=j!¬=qb_!d k=dUtK}	§6½x~4`Ep=_ dUéb6cRr?tyd
²q|dd 
¡lnaEp=_!d   ´Uz 6sb6~P}E6jb~{PddU=dojUp=m!do} ly~rPb6_b+ttndUtx§
.bEj!k­qp=r£d_!r?lndojUd«)ltt {Pdc¤b6~PbaEdo}YbEqb6~¸ly~P}?dr£d~P}?d~mm!_Ub6~Pq!bEjUmln`E~¸ln~Pqmb6~PjUdEzjU`EcRclnm!¥
mln~=alnmqsj!kPb6~=aOdoq «sk=d~lym3P~?l©q|k=doq§=½:¢ bqp=rPd_]r?lydojUdb6{P`O_!mq)}?p=dm!`b}?dobE}Otn`j]¬8zém!k=d~lnm lKq
|d|ºÊ('A
  
	
 !#"%$&'(*)+%,%-./10
_!ddU=dojUp=m!do} {dc{Pdo}=}?do} ¼=¾,¿ jU`=}?dm!kPbm}?dm!dojUmq}?dobE}Otn`=j!¬?¥Lln~P}?pPjUdo}Àd_!_!`O_jU`}?doq4b6~P}
_!dm]_lndoqm]k=d¤qp=rPd_]r?lydojUdE§½:¢,bYqp=r£d_!r?lndojUdYb6{P`O_!mq}?p=dm!`YbYq=qm!dc ¢³bulvtnp=_!dEz¡m!k=d~±«/dRpPqd
m!k=d Ucln~?ln¥:{Pb6mj]kYm!_|l©j]¬4ltvtnpPqm]_b6m!do} ly~dUébcr?tnd`6¢ qdojUmln`E~±eE§
     ')	' ')¡1!  
    )R	' 0 £ 's"#

é`E_pPqz bm?r?l©jbutª}=b6mb{PbEqdq=qm!dc «ªlvtt{Pd`E~=d_]p=~=~?ly~=a ¼=¾,¿A§Rp=_c¤b+ln~­r=_]`E{?tndc lKq
m!` 3PaEp=_]d,`Ep=m)«kPbmªjU`O~.\=l©jUmUq)«)lnm!k«kPb6mo§&P.dojb6pPqd`6¢m!k=ddU?lKqm!d~PjUd`6¢ {?ly~P}6b6_lKb6{?tndoqzélnm
«)ltt{Pdp=~Pj]tndob6_)«k=dm!k=d_/bm]_b6~Pq!bEjUm|ly`O~ln~Pqmb6~PjUdm]kPb6m p=r	}=b6m!doqAm]k=d,bEjjU`Ep=~?m `6¢jUpPqm!`EcRd_
7 ­«)ltt,bEjjUdoq!qm!k=d¤q!b6cRd_!dojU`E_} bEqb¸m!_b6~Pq!bOjUmln`E~ln~Pqmb6~PjUdm!kPb6m_]dobE}=qm!k=dbEjjU`Ep=~?m`6¢
jUpPqm]`Ecd_Q7àE§ ¼E`Pz=«)d,«ªlvttAkPb+Edm!`{£djU`E~Pqd_]ub6mlnEdE§
®­djb6~pPqdm!k=d,m]_lKj!¬=q.`6¢m?r?lKjb+t8r=_]do}Ol©jbm!dtn`j]¬Eln~=a¤q]j!k=dcdoq)bEqr?ln`E~=dd_!do}Rln~¼Eq|m!dc 
b6~P}¶m!k=d~dUt©b{P`E_bm!do}ln~NÏ=zAe#P	x§
=`E_dUPb6cr?tndEz£l¢m«/`qmbm!dcd~?mq)`E~_!dUtKb6mln`E~±bEjjU`Ep=~?m
b6_]d{P`Em!kjU`E~6p=~PjUmlnEd²x`O~?tyh»JhÏq/ly~m!k=dOpPb+tl 38jbmln`E~	´,b6~P}`E~=dkPbEqªm!k=dr=_!do}OlKjb6m]d

	 "#  
 

«k=d_]dobEq)m!k=d4`Em!k=d_kPbEqªm!k=dr=_!do}OlKjb6m!d

	 "#  

m!k=dÂj]tndob6_tnÂ«)ltt~=`Em¤jU`O~.\=l©jUmYbm¤m!k=d¸tn`Ea6lKjb+t}=b6mblnm!dc tndEdUtx§²U6)k?lKqlKqm!k=d`E~?tn
tndEdUt,m]kPb6mc¤bm!m!d_qqµln~PjUdm!kPbmlKq4m!k=d`E~?tntndEdUt,m!kPbmb+¯dojUmqm!k=d¤_]dm!p=_!~­6b+tnp=dYm!`m!k=d
pPqd_+§´Jhdm!dojUmln~=am!k=db6{Pqd~PjUd`6¢/jU`O~.\=l©jUmUq{Pdm«)dd~m«/` OpPb+tl 38jbmln`E~PqlKqm!k=dr=_!`6Oly~PjUd
`6¢ jU`Ecr?ltnd_«_lnm!d_Uq§?®­d`6¯d_)~=`Em!k?ln~=a~=d«§
6)k=d)`E~?tn4~=d«­lK}?dob«)d.kPboOd m!``¯ d_¡lKq m!kPb6m«)d)jb6~c¤b6¬Ed.pPqd `6¢=ln~?¢:`E_!c¤bmln`E~4ly~bE}=}Olnmln`E~
m!`qµlncr?tndjU`E~.\=lKjUm ln~?¢H`E_]c¤b6mln`E~§ 
é`E_dUPb6cr?tndEz+l¢Pm!k=d_!dl©q b6~4p=r8}=b6m!d.`E~m]k=d/bEjjU`Ep=~?mmb{?tyd
«)lnm!kbjU`E~6p=~PjUmlnEd OpPb+tl38jb6mln`E~­b6~P}`E~=d4`6¢m!k=d4r=_!do}OlKjb6m!doqªlKq

	 
	#  
m!k=d~z£l¢/bEjjUm]~p=c lKqb¬EdEz£«)d¬?~=`6« m!kPb6mm!k=dp=r	}=b6m!d«)ltt/bEjjUdoq!qb6mc`qm`O~=d_!dojU`E_U}	§
6)k?lKqªlncr?tlydoqm]kPb6m,bjU`E~PjUp=_]_!d~ms_!dobE}?d_`6¢Am!k=d¢:`E_!c

 
	
 ! " 	
	#"		
Ì:Ò| ÌKÝ
K+?%$B	G%@I="$ "G;%; $ "%! 	Q%$,M'/AF9G"<!#%$@</1	Y =-.,%/1	  Q
«)ltt,jU`E~.\=lKjUm«)lnm!k­m!k=dp=r	}=b6m!d`E~(b6mcR`qm`E~=d_]dojU`E_}	§A¼E`£z	m!k=d¼  ¿ )6 m!_b6~Pq!bOjUmln`E~
jb6~dUdojUp=m]db6m,}?daO_!dd4lKq`6tKb6mln`E~§¡²UhdaE_]dd4lKq`6tKb6mln`E~kPbEq)m!k=d4dU¯ dojUms`6¢-j]k=`Er=r?ln~=am!k=d
¼ .¿ )6 m!_b~Pq!bEjUmln`E~±ln~Pqmb~PjUdln~m]`(r?lndojUdoqRdobEj!k·`6¢«k?lKj!k¹jU`E~PqµlKqmqR`6¢b­qµln~=a6tnd­}=b6mb
lnm!dc bOjjUdoq!q§´ ½x~¢xbEjUmozEdOd~lv¢ c¤b6~?p=r8}=b6m]doq)`6¢m!k?lKq.¢:`E_!c b_!dgjU`O~PjUp=_!_!d~?m/«ªlym]kYbqly~=atyd
ln~Pqmb~PjUd`6¢m!k=dY¼ .¿ )6 m!_b~Pq!bEjUmln`E~z¡m!k=d¤_]dobE}?d_jb6~ÀqmlttdUdojUp=m]d b6m}?daE_!ddlKq`E¥
tKb6mln`E~z{Pdojb6pPqd~=`±¼= ¥xjUj]tnd«)ltvt{Pdr£`q!qµln{?tndE§ R~Àm!k=d`Em!k=d_kPb6~P}	z l¢m«/`¸ln~Pqmb6~PjUdoq
`6¢)m!k=d¼ .¿ )6m!_b6~Pq!bOjUmln`E~Ãjb6~dU=dojUp=m!djU`E~PjUp=_!_!d~?mtnEzm]k=d~Ãm]k=dYjb6~=~=`EmdU=dojUp=m!d4ly~
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W, acctnum = 4 W, acctnum = 10 W, acctnum = 20
C C C
T2 T3
S S
Ts: SELECT ... from account 
T1
W, acctnum = 4 W, acctnum = 10 W, acctnum = 20
C C C
T2 T3
S S
Ts: SELECT ... from account 
T1
One SELECT transaction : no SC_cycle. Two SELECT transaction s: a SC_cycle appears.
S
SELECT ... from account Ts’:
S
C C C
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W, balanceW, balance
R, account R,account
T2
S
C
S
C
C
Group 2 
Group 1 S
W, balance
R, account
Group 2 
Group 1 
C CC
Group 1 contains several transactions : Group 1 contains only one transaction :
cycles have only C_edges a SC_cycle  may appear
T1
T1
T1’
T1’
T1
T1
T2 T2’ T2’’
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 STC 
STNC 
t/mn x 103
chopping number :N
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2.40
2.60
2.80
3.00
0.00 20.00 40.00 60.00
¡lnaEp=_!d¤eOe%7&6)k=_!`Ep=aEk=r=p=mUq)`6¢)¼6 b6~P}¼6»
LT
t/mn
chopping number: N
0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
0.00 20.00 40.00 60.00
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{Pdo}=}?do}¶¼=¾,¿Àqp={=r=_!`EaE_Ub6c¤q)b6~P}qdrPb6_Ub6m!do}{?Y(R,¨¨½U6 qmb6m!dcRd~mqW§
6)k=dm!`EmUb+tP~p=c{£d_ `6¢jU`E~PjUp=_!_]d~m.pPqd_q lKqeX]T  X]T   zO«k=d_!dm!k=d4e,qmb~P}=q
¢:`E_ m]k=d)tn`E~=am!_Ub6~Pq!bEjUmln`E~§  bEj]kpPqd_lKq cR`}?dUtndo}bEq b »½
	 r=_!`=jUdoq!q.«k?lKj!kdU=d_j]lKqdoqlymUq
m!_Ub6~Pq!bEjUmln`E~Rm?rPd.ln~bsty`?`Er§.6)k=ddU=dojUp=mln`E~ jU`O~mln~?p=doq ¢:`E_ br=_!do}?d3P~=do}mlncd*6z6ElndUtK}Oln~=a
bm]_b6~Pq!bEjUm|ly`O~m!k=_!`Ep=aEk=r=p=mª¢H`E_sm!k=dtn`E~=a¤b6~P}qk=`E_!m)m!_b~Pq!bEjUmln`E~Pq§
LT + STC + STNC
t/mn x 103
chopping number :N
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
0.00 20.00 40.00 60.00
¡lnaEp=_!de+&7?a6tn`E{Pb+tm!k=_]`Ep=aEk=r=p=m
ms x 103
chopping number :N
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
0.00 20.00 40.00 60.00
¡lnaEp=_]d¤e+7=jU`EcRclnm,jU`qmq
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6)k=dRdUr£d_lncd~mUqpPqdER_bEj]tndOd_qµln`E~ =§ P=§ P_!p=~=~?ln~=aYp=~P}?d_QP§R§y¼P§=§ P=§ P`E~­bEP ¿¿
h^ 	gPé§®­dpPq|do}À}?do}Ol©jbm!do}(}OlKq¬=q4¢:`E_m]k=dtn`Ea­b6~P}­m]k=d¤}=b6mb6{PbOqdln~À`E_}?d_4m!`Y_!do}?pPjUd
qdd¬m|lycRdoqb6~P}_]`Emb6mln`E~Pbut }?dUtKb+qª¢H`O_«_lnmln~=am!k=dtn`EaP§
6)k=d_!doqp?tnmqs`6¢ b 3P_qmqdm`¢-dU=rPd_lncd~?mqªlKq,qk=`6«~ln~a3PaEp=_!doqeEe4b6~P}eo=§=b6~P} eo=§

¡lyaOp=_!d,eEeAqk=`6«,q m!kPb6mj]k=`Er=r?ln~=a,m]k=d ty`O~=a,m!_Ub6~Pq!bEjUmln`E~r=_]`EaE_b6c²¿.6´8qlyaO~?l 38jb~mtnly~=¥
jU_!dobOqdoqAm!k=dsm!k=_!`Ep=aEk=r=p=m.`6¢qk=`E_!m jU`O~.\=l©jUm|ly~=a¸²!¼6´m!_Ub6~Pq!bEjUmln`E~PqW§6½x~R¢³bEjUm+z6m!k=dm!k=_!`Op=aEk=¥
r=p=m4`6¢¼6 m!_b~Pq!bEjUmln`E~PqjU`EcRdoqj]ty`?qdm!`m!k=dm!k=_!`Ep=aOk=r=p=m`6¢/~=`E~=¥xjU`O~.\=l©jUm|ly~=am!_b6~Pq]bEjU¥
mln`E~Pqª²!¼6»´§
6)kPb6m¡lKqAm!k=d)aE`?`}4~=d«,qW§%6)k=d{PbE}4~=d«,q¡lKqAm]kPb6mm]k=d~p=c{£d_A`6¢Ptn`E~=am!_Ub6~=¥
q!bOjUmln`E~Pqm!kPbmgjb6~ {PddU=dojUp=m!do}«)lnm!k?ln~­m|lycRd 6 }?dojU_!dobEqdoq4bEq»ln~PjU_!dobOqdoq² 
¡lnaEp=_]d e+?´§
6)k=d4m!k=_!`Ep=aOk=r=p=m`6¢Am!k=d¼6» b+tKq`¤}?dojU_!dobOqdoqz=r=_!`O{Pb6{?tnY}?p=dm!`_]doq`Ep=_jUdjU`E~?m!d~?mln`E~§
½x~?m!p?lnmlnEdUtnEz-j]k=`Er=r?ln~=alncr=_!`6Edoqm!k=dr£d_¢:`E_!c¤b6~PjUdR`6¢ªjU`E~.\=lKjUmln~=a­qk=`E_]mm!_b6~Pq!bOjUmln`E~
ln~Pqmb~PjUdoq.¢H`O_ m«)`_!dobEq|`E~Pq7?²:l:´U6)k=dc¤b+?lncp=c ~?p=c{Pd_)`6¢tn`=j!¬=q.k=dUtK}b6m `E~=dmlncd{Rm!k=d
¿.6 }?dojU_!dobEqdoq§ .`E~Pqd Op=d~mtnEz m!k=dr=_]`E{Pb6{?ltlym­m]kPb6mb¼6 _]d Ep=doqmUqbRtn`j]¬k=dUtK}­{?­b
¿.6 }?dojU_!dobEq|doq§=²:ll:´6)k=d¿.6Â_]dUtydobOqdoqlymUqAtn`=j!¬=q.dob6_tlnd_A7=m!k=dstn`j]¬«b+lnmln~=amlncd`6¢m!k=d¼6g
{£dojU`Ecdoqqk=`E_!m!d_s«k=d~YbjU`E~.\=lKjUm`jjUp=_qW§
 k=`Er=r?ln~=ab+tKq`lncr£`qdoqm«)`jU`qmq `O~¿.6¹² 
¡lyaOp=_!deo4´<7O²:l:´	lym.d~mUb+lt©qc`E_!d.tn`Ea«_|lym]doq
{£dojb6pPqddobEj]kr?lydojUdjU`EcRclnmq,q|drPb6_b6m!dUtn²xm!k=`Ep=aOkaE_!`Ep=rjU`Ecclnmq)«)`Ep?tK}¸clnmlnab6m!dm!k?lKq
jU`q|m)l¢/bo6b+ltKb6{?tnd6´Á²³lvl:´ bEj]ktn`Ea«_|lym]djb6pPqdoqbjU`O~m!dU=m,q«ªlymUj!k§

=p=_!m!k=d_]c`E_!dEz qµln~PjUd¼6,zA¼6s» b6~P}±¿6m!_Ub6~Pq!bEjUmln`E~Pq4b6_!d¤q|kPb6_ln~=am!k=d q]b6cd_!d¥
q`Op=_jUdoq²!/^ ,q.b6~P}EhslKq¬=qU´z?m!k=dsly~PjU_]dobEqµln~=a¤~?p=c{Pd_)`6¢-bOjUmlnEd¼6Àm!_b6~Pq]bEjUmln`E~Pqln~m!k=d
q=qm!dcºb+¯dojUmq)m!k=dr£d_¢H`O_!c¤b6~PjUdoq)`¢/¼6» b6~P}¿.6 m!_b6~Pq!bOjUmln`E~Pq§
® kPbmAlKq)m!k=d{P`Em]m!`Ec tln~=dQ6)k=dqk=`E_]m m!_b~Pq!bEjUmln`E~Pq.kPb+Ed{£dd~c¤bE}?d¢xbEqm!d_)b6m/q`Ocd
jU`q|mm]`Ãm]k=dtn`E~=aEd_Rm!_b6~Pq!bOjUmln`E~Pq§6ªk?l©ql©qRbY_]dobEq`E~Pb6{?tndm!_UbE}?d`6¯ qµln~PjUdln~Àc`?qmb6r=r?tln¥
jb6m|ly`O~Pqm]k=d qk=`O_!mm!_Ub6~Pq!bEjUmln`E~Pq_!d Op?ly_]d¤m!k=d{Pdoq|m_!doqr£`E~PqdmlncdE§6)k=d_!dRlKqzc`O_!d`6Ed_oz
b6~¹`6Ed_butvtslycRr=_!`6Edcd~?m¤`6¢m]k=dYa6tn`E{Pb+tm!k=_!`Op=aEk=r=p=m¤_]doqp?tnmln~=aÀ¢:_!`Ec j]k=`Er=r?ln~=a bEq 
¡ly¥
aEp=_]d e+¤qk=`6«,q4²E  lncr=_!`6EdcRd~m´U§ 6)k=d{?lnaEaEdoq|mlycRr=_!`6Edcd~?ml©qalyOd~(b6m_!dUtKb6mlnEdUtn
tn`6« j!k=`Er=r?ln~=a~?p=c{Pd_qW§ 6ªk=d,a6tn`E{Pbut8m!k=_!`Op=aEk=r=p=mjUp=_!Ed_!dobEj]k=doq b4r?tKb6m!dob6pb+¢:m!d_/bj]k=`Er=¥
r?ln~=a~p=c{Pd_`6¢ P=§
R~=dY`6¢pPqkPbOqr=_!`Er£`qdo}Âb boOd_b6aEdYjbEq|drPd_¢:`E_!c¤b~PjUdYc`=}?dUt¢:`E_¤j]k=`Er=r?ln~=a Ï6$x§

sd_!dEz=«)d{=_lnd\PÃ}?doq]jU_ln{Pdm!kPb6m)c`=}?dUt-b6~P}qk=`6« k=`6«¹lnm,br=r?tvlndoqm!`Rm!k?lKq)dUébcr?tndE§
hgqln~ 6b+Ïq«)`E_]¬  E	xz «/dc`=}?dUtm!k=d¤r=_]`E{Pb6{?ltlym±`6¢gjU`E~.\=lKjUm¤bOqr=_]`ErP`E_]mln`E~Pb+tm!`
m!k=dYb+Ed_Ub6aEd~p=c{£d_`6¢lnm!dc¤q4k=dUtK} tn`j]¬Edo}·²:ln~ÂjU`E~.\=lKjUmln~=atn`=j!¬±c`=}?doqU´b6mb~­m|lycRdE§
6)k=ddU=rPdojUm!do} «b+lnmln~=aYmlncd`¢sbm]_b6~Pq!bEjUm|ly`O~ln~Pqmb6~PjUd l¢)lnm}?`?doqd~PjU`Ep=~?m!d_bRtn`j]¬
jU`E~.\=lKjUmlKqr=_]`ErP`E_]mln`E~Pb+t/m]`Ãm]k=d qµln¦d`6¢m!k=dm!_b~Pq!bEjUmln`E~ ln~Pqmb6~PjUd¢:`E_«sk?l©j]k  kPbEq4m!`
|d|ºÊ('A
6  
	
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«b+lnmo§+6ªkpPqz£m!`¤b3P_qmb6r=r=_!`+lnc¤bmln`E~Ãb6~P} ln~Ãm]k=db6{Pqd~PjUd`6¢A_!doq`Op=_jUdjU`E~?m!d~?mln`E~z£m!k=d
dU=rPdojUm!do}«b+lnmln~=amlncdlKq)r=_!`Er£`E_!mln`E~Pb+t m!`m!k=dqOpPb6_!d`¢m!k=db+Ed_b6aOd,~?p=c{Pd_`6¢lnm!dcq
k=dUtK}ty`=j]¬Edo}	§?²U6)k=db6r=r=_!`+?lnc¤b6mln`E~bEq!qp=cdoq m]kPb6mm]k=dª}?p=_Ub6mln`E~`6¢8bm]_b6~Pq!bEjUm|ly`O~ln~Pqmb6~PjUd
lKq)r=_!`OrP`E_!m|ly`O~Pb+t8m!`m]k=d,~?p=c{Pd_)`6¢	tn`j]¬qlnm)`E{=mb+ln~Pqz=b_!dobEq`E~Pb{?tydbEq!q|p=cr=mln`E~R¢H`E_   ly~
m!k?lKqjbEqdE§´
¼6ly~PjUdsm!k=dboOd_b6aEd.~p=c{Pd_A`¢=lym]dc¤q k=dUtK}4lKq¡ly~?Ed_q|dUtyr=_!`OrP`E_!m|ly`O~Pb+tm]`,m!k=d)~?p=c{Pd_A`6¢
r?lndojUdoq)`6¢m!k=dj!k=`Er=r?ln~=aPz?m!k=dsdUr£dojUm!do}«b+lnmln~=a4mlncdlKq.r=_!`Er£`E_!mln`E~PbutPm!`¤eO²A:<;  557@T >U´z
ln~m!k=db{Pqd~PjUd`6¢-_]doq`Ep=_jUdjU`E~m]d~mln`E~b6~P}YbOq!qp=cln~=abtn`EaEaly~=ar=_!`Em]`jU`6tAqpPj!kbEqs«_ln¥
m!dobk=dobE}tn`EaEaly~=a Ï	x§
R~Ãm]k=d`Em!k=d_kPb6~P}	z	j!k=`Or=r?ly~=a ÏqjU`qmqsb6_!dtln~=dob6_tnr=_!`Er£`E_!mln`E~Pbut-m!`Rm!k=d~p=c{Pd_`6¢
r?lndojUdoqbEq.qk=`6«~ln~ 3PaEp=_!deP§6hq cRd~mln`E~=do}b6{£`uOdEz6m!k?lKq/jU`?qm/jb6~R{Pd_!do}?pPjUdo}{aE_]`Ep=r
jU`EcRclnmq.«k?lKj!kjU`Ec{?ln~=d,m!k=djU`EcclymUqA`6¢qdEd_Ub+tPm!_b6~Pq]bEjUmln`E~ln~Pqmb~PjUdoqAln~?m!``E~=d«_|lym]dE§
 0 " 1) 
½µ~Ãm]k?l©qq|dojUmln`E~z	«)ddubutypPbm!dm!k=dr£d_¢H`O_!c¤b6~PjUd`6¢/j]k=`Er=r?ln~=aln~Ãm]k=daEd~=d_butjbEq|d«sk=d_!d
_b~P}?`Ec m!_b~Pq!bEjUmln`E~Pqb_!d_!p=~=~?ln~=a jU`O~PjUp=_!_!d~?mtnÀ`E~Âb­jUd~?m!_b+tln¦do}¹}=b6mb6{PbEq|dE§6¡`­m!doq|m
m!k=d4dU¯dojUmq`¢/j!k=`Er=r?ln~=aln~ÃbR«)lK}?d_b6~=aEd4`6¢A`ErPd_bmln~=a jU`E~P}Olnmln`E~PqWz	«/d}?dEdUtn`Er=rPdo} b6~P}
pPqdo} b¤qµlncp?tKb6mln`E~­cR`}?dUtx§® d6b+tlK}=b6m!do}m!k=dqµlncp?tKb6mln`E~­cR`}?dUtA{b6r=r?tnEln~=a¸lym4m!`m!k=d
R_bOj]tydsdUr£d_lncd~mUqA`6¢Pm!k=d.tKbEqmAqdojUmln`E~§%6ªk=dªqlycp?tKb6mln`E~Rc`}?dUtPbEjjUp=_bm!dUtn_!d\PdojUm!do}m!k=d
_!dUtKb6m|lyOd{Pd~=d3Pmq4b6~P}jU`qmq`¢/j!k=`Er=r?ln~=a¸ly~ m!k=`qddU=rPd_lncd~?mqz¡m!k=`Ep=aEk~=`Emm!k=ddUébOjUm
~?p=c{Pd_q§
6)k=dqµlncp?t©bmln`E~Y_!doq|p?tymUqOlndUt©}?do}m!k=d¢:`6ttn`6«)ln~=a jU`E~Pj]tnpPqµln`E~Pq#7
eE§ k=`Er=r?ln~=aÂb±m!_b~Pq!bEjUmln`E~¹}?dojU_!dobEqdoqm!k=d«b+lnmln~=a±mlncd`6¢m!k=d`Em!k=d_jU`E~.\=lKjUmln~=a
m!_b6~Pq]bEjUmln`E~Pqb6~P}·m!k?pPq}?dojU_!dobOqdoqRtn`j]¬ÂjU`E~?m!d~m|ly`O~ b6~P} lycRr=_!`6Edoqm]k=dYm!k=_!`Op=aEk=¥
r=p=m`6¢,m]k=dYjU`E~PjUp=_!_!d~?mm!_b~Pq!bEjUmln`E~Pq§ ½µ~ÀrPb6_!mlKjUp?tKb6_ozAm]k=d`E{=mb+ln~=do}±_!doqp?tnmqRqk=`6«
m!kPb6mj]k=`Er=r?ln~=a­m!_b6~Pq]bEjUmln`E~Pq}?dUtKbo=qm!k=dm!k=_bOqk?ln~=a­`6¢,r£d_¢H`O_!c¤b6~PjUdY}?p=dm!`¸tn`j]¬
jU`E~?m!d~m|ly`O~§
=§(6)k?lKqr£d_¢:`E_!c¤b6~PjUdlncr=_]`uOdcd~ml©qR_!do}?pPjUdo} {±m«/`_!doq|`Ep=_jUddU¯dojUmqE7)²³lH´#6)k=d
bE}=}?do}jU`OcclnmjU`qm b6~P}4²:ll:´8m!k=d ln~PjU_!dobOqdo}4_!doq`Ep=_jUd jU`O~m!d~?mln`E~²x«b+lnmln~=as¢H`O_)^ q
b6~P}}OlKq¬=qU´§
hq4«/d«)lttgqddEz rPd_|¢H`E_]c¤b6~PjUdb6~Pb+tnql©q`6¢gj]k=`Er=r?ln~=aln~Â}Olv¯d_!d~?m`ErPd_Ub6mln~=a(qµlnm!pPb6m|ly`O~Pq
k=dUtnrPqpPq}?doq!jU_|ly{£db4¢Hddo}?{PbOj!¬?¥:{PbEqdo}b6r=r=_!`bEj]km!` 3P~P}YbRqp?lnmb6{?tndj!k=`Er=r?ln~=a~p=c{£d_o§
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No  concurrency
no  chopping
choppping = 2
chopping =4
chopping=6
chopping = 8
nb CTI per second
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no  chopping
chopping = 2
chopping = 4
chopping = 6
chopping = 8
time(ms) x 103
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no chopping
chopping =2
chopping = 4
chopping =  6
chopping =  8
time(ms) x 103
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(a) resource units = 2
No  concurrency
no  chopping
choppping = 2
chopping =4
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(b) resource units = 4 
No concurrency
no chopping
chopping = 2
chopping = 4
chopping  = 6
chopping   = 8
Nb CTIs per second
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«)ln~P}?`6«,qz	q`m!kPb6mm!k=dm!_b6~Pq]bEjUmln`E~Pqªly~
dobEj]k«)ln~P}?`6« jb~{Pd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